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Preface 


Philosophy is regarded by many as inseparable from 
speculation. They believe that the philosopher cannot 
use methods which establish knowledge, be it knowh 
edge of facts or of logical relations; that he must speak 
a language which is not accessible to verification — in 
short, that philosophy is not a science. The present book 
is intended to establish the contrary thesis. It maintains 
that philosophic speculation is a passing stage, occurring 
when philosophic problems are raised at a time which 
does not possess the logical means to solve them. It 
claims that there is, and always has been, a scientific 
approach to philosophy. And it wishes to show that from 
this ground has sprung a scientific philosophy which, 
in the science of our time, has found the tools to solve 
those problems that in earlier times have been the 
subject of guesswork only. To put it briefly: this book 
is written with the intention of showing that philosophy 
has proceeded from speculation to science. 

A presentation of this kind is necessarily critical in 
its analysis of earlier phases of philosophy. In its first 
part, therefore, this book is concerned with an examina- 
tion of the shortcomings of traditional philosophy. This 
part of the inquiry is directed toward the psychological 
roots from which speculative philosophy has grown. It 
thus assumes the form of an attack upon what Francis 
Bacon has called “the idols of the theater^’. The power of 
these idols, of the philosophic systems of the past, is 
still great enough to challenge critique three centuries 
after Bacon’s death. The second part of this book turns 
to an exposition of modem scientific philosophy. It at- 
tempts to collect the philosophic results that have been 
developed through the analysis of modern science and 
the use of symbolic logic. 
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PREFACE 

Though concerned with philosophic systems and 
scientific thought, this book is not written on the as- 
sumption that the reader has a technical knowledge of 
its subject matter The philosophical concepts and 
doctrines referred to are always explained along with 
the criticism to which they are subjected And though 
the book deals with the logical analysis of modern 
mathematics and physics, it does not presuppose that the 
reader is a mathematician or a physicist If he has com- 
mon sense enough to wish to learn more than common 
sense can teach him, the reader is well prepared to fol- 
low the arguments of the book 

Thus this book may be used as an introduction to 
philosophy, and tn particular, to scientific philosophy. 
Yet It IS not intended to give a so called ** objective*’ pres- 
entation of traditional philosophical material No at- 
tempt IS made to expound philosophical systems with 
the attitude of the interpreter, who wishes to find some 
truth m every philosophy and hopes to make his readers 
believe that every philosophical doctrine can be under- 
stood This way of teaching philosophy is none too sue 
cessful Many of those who were once willing to study 
philosophy from presentations purporting to be ob- 
jective have found that philosophical doctrines remained 
incomprehensible to them Others have tried to under- 
stand philosophical systems as best they could and to 
combine philosophical results with those of science, but 
have discovered that they were unable to unite science 
with philosophy Now, if philosophy appears incompre- 
hensible to unprejudiced thought or incompatible with 
modem science, the fault must be on the philosopher’s 
side He has too often sacrificed truth to the desire to 
give answers, and clarity to the temptation of speaking in 
pictures, and his language has lacked the precision which 
IS the scientist’s compass in escaping the reefs of error. 
vui 



PREFACE 


// a presentation of philosophy is to be objective, it 
should therefore be objective in the standards of its 
critique rather than in the sense of a philosophic rela- 
tivism. The investigations of this book are intended to 
be objective in this sense. This presentation is written 
for the many who have read books on philosophy and 
science and were not satisfied; who have tried to find 
meanings but got stuck in a barrage of words; yet who 
have not abandoned hope that some day philosophy will 
become as cogent and as powerful as science. 

That such a scientific philosophy is already in exist- 
ence is not yet sufficiently known. As a remnant of the 
philosophy of speculation, a haze of vagueness still 
screens off philosophic knowledge from the eyes of those 
who were not trained in the methods of logical analysis. 
In the hope that this haze will evaporate in the fresh air 
of clear meanings, the present study was undertaken. This 
book is meant to inquire into the roots of philosophical 
error and to present the evidence that philosophy has 
risen from error to truth. 

HANS REICIIENBACH 

University of California, Los Angeles 
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PART ONE 


The Roots of Speculative Philosophy 



1 . 

The Question 


H ere is a passage taken from the ^vritings of a 
famous philosopher: “Reason is substance, 
as well as infinite power, its own infinite 
material underlying all the natural and 
spiritual life; as also the infinite form, that which sets the 
material in motion. Reason is the substance from which 
all things derive their being.” 

Many a reader has no patience with linguistic products 
of this brand. Failing to see any meaning in them, he may 
feel inclined to throw the book into the fire. In order to 
progress from this emotional response to logical critique, 
such a reader is invited to study so called philosophical 
language with the attitude of the neutral observer, as the 
naturalist studies a rare specimen of beetle. Analysis of 
error begins with analysis of language. 

The student of philosophy usually is not irritated y 
obscure formulations. On the contrary, reading e 
quoted passage he would presumably be convi^ed t at 
it must be his fault if he does not understand it. He there- 
fore would read it again and again and thus wou d even 
tually reach a stage in which he thinks he has underst^ 
it. At this point it would appear quite obvious to him that 
reason consists of an infinite material which underlies a 
natural and spiritual life and is tlierefore tlie substance 
of all things. He has been so conditioned to this way ot 
3 



SPECULATIVE PHILOSOPHY 

talking as to forget all criticisms which a less “educated” 
man would make. 

Now consider a scientist trained to use his words in 
such a way that every sentence has a meaning. His state- 
ments are so phrased that he is always able to prove their 
truth. He does not mind if long chains of thought are in- 
volved in the proof; he is not afraid of abstract reasoning. 
But he demands that somehow the abstract thought be 
connected with what his eyes see and his ears hear and his 
fingers feel. What would such a man say if he read the 
quoted passage? 

"substance” are no strangers 
him. He has applied them in his description of many 
an experiment: he has learned to measure the weight and 

materia'l m ^ “ '“’’'‘ance. He know! that a 

material may consist o£ several substances, each of which 

do nm So these words 

do not offer any difficulty in themselves. 

One wild Uke! underlies life? 

our bodies ire lal'T' n “ " 

reason? Reason! identical with 

manifesting itself in tllirblTv!!!” o’'™m"d 
parts of their behavior. Does the ’nhiln. 

that all happenings in the universe so 

they serve a reasonable purpose That R 

assumption butafl^cf I ‘ A Hat is a questionable 

all thelhillophei wlrrs^^^^^ - 

cryptic way? tnust he say it in a 

I can say 



2 . 


The Search for Generality 
and the Pseudo Explanation 


T he search for knowledge is as old as the history 
of mankind. With the beginning of social 
grouping and the use of tools for a richer satis- 
faction of daily needs the desire to know arose, 
since knowledge is indispensable for control of the objects 
of our environment so as to make them our servants. 

The essence of knowledge is generalization.^ That fire 
can be produced by rubbing wood in a certain way is a 
knowledge derived by generalization from individual ex- 
periences; the statement means that rubbing wood in this 
way will always produce fire. The art of discovery is there- 
fore the art of correct generalization. What is irrelevant, 
such as the particular shape or size of the piece of wood 
used, is to be excluded from the generalization; what is 
relevant, for example, the dryness of the wood, is to be 
included in it. The meaning of the term “relevant can 
thus be defined: that is relevant which must be mentioned 
for the generalization to be valid. The separation of rele- 
vant from irrelevant factors is the beginning o ow 

. T-L 

Generalization, therefore, is the origin of science. e 
science of the ancients is expressed in the many teen- 
niques of civilization they possessed: building ous^ an 
weaving cloth and forging arms and sailing ships and cui- 
5 



SPECULATIVE PHILOSOPHY 

tivating the soil. It is embodied in a more pronounced 
form in their physics and astronomy and mathematics. 
What entitles us to speak of an ancient science is the fact 
that the ancients had succeeded in establishing quite a few 
generalizations of a rather comprehensive kind: they 
knew laws of geometry, which hold for all parts of space 
without exceptions: laws of astronomy, which govern 
time; and a number of physical and chemical laws, such 
as the laws of the lever and the laws relating heat to melt- 
ing. All these laws are generalizations; they say that a 

certain implication holds for all things of a specified kind. 

In other words, they are if-then always statements. The 
example "if a metal is sufficiently heated, then it always 
melts", is of this kind. 

Generalization, furthermore, is the very nature of ex- 
planation. What we mean by explaining an observed fact 
is incorporating that fact into a general law. We observe 
that as the day progresses a wind begins to blow from the 
sea to the land; we explain this fact by incorporating it 
into the general law that heated bodies expand and thus 
become lighter with respect to equal volumes. We then 
see how this law applies in the example considered: the 
sun heats the land more strongly than the water so that 
the air over the land becomes warm and rises, thus leaving 
its place to an air current from the sea. We observe that 
living organisms need food in order to exist; we explain 
this fact by incorporating it into the general law of the 
conservation of energy. The energy which the organisms 
spend in their activities must be replaced from the cal- 
ories of the food. We observe that bodies fall down when 
not supported; we explain this fact by incorporating it 
into the general law that masses attract each other. The 
great mass of the earth pulls the small masses toward its 
surface. 

The words "attract” and "pull”, which we used in the 
6 



2. THE SEARCH FOR GENERALITY 
last example, are dangerous words. They suggest an anal- 
ogy with certain psychological experiences. We are at- 
tracted by objects we desire, like food or a late-model car; 
and we like to imagine the attraction of bodies by the 
earth as the satisfaction of a sort of desire, at least on the 
side of the earth. But such an interpretation would be 
what the logician calls an anthropomorphism, that is, the 
assignment of human qualities to physical objects. It is 
obvious that no explanation is supplied by a parallelism 
between natural events and human concerns. When we 
say that Newton’s law of attraction explains the falling of 
bodies, we mean that the movement of bodies toward the 
earth is incorporated into a general law according to 
which all bodies move toward each other. The word “at- 
traction” as employed by Newton means no more than 
such a movement of bodies toward each other. The ex- 
planatory power of Newton’s law derives from its gen- 
erality, not from its superficial analogy with psychological 
experiences. Explanation is generalization. 

Sometimes explanation is achieved by assuming some 
fact that is not or cannot be observed. For instance, the 
barking of a dog might be explained by the assumption 
that a stranger is approaching the house; and the occur- 
rence of marine fossils in mountains is explained by as- 
suming that the ground was at some time at a lower level 
and covered by the ocean. But the unobserved fact is ex- 
planatory only because it shows the observed fact to be the 
manifestation of a general law: dogs bark when strangers 
approach, marine animals do not live on the land. General 
laws thus can be used for inferences uncovering new facts, 
and explanation becomes an instrument for supplement- 
ing the world of direct experience with inferred objects 
and occurrences. 

No wonder that the successful explanation of many 
natural phenomena developed in the human min an 

7 



SPECULATIVE PHILOSOPHY 

urge toward ever greater generality. The multitude of 
observed facts could not satisfy the desire to know; the 
quest for knowledge transcended observation and de- 
manded generality. Yet it is an unfortunate matter of 
fact that human beings are inclined to give answers even 
when they do not have the means to find correct ansivers. 
Scientific explanation demands ample observation and 
critical thought: the higher the generality aspired to, the 
greater must be the mass of observational material, and 
the mote critical the thought. Where scientific explana- 
tion failed because the knowledge of the time was in- 
sufficient to provide the right generaUzation, imagina- 
tion took its place and supplied a kind of explanation 
which appealed to the urge for generality by satisfying it 
with naive parallelisms. Superficial analogies, partic- 
ularly analogies with human experiences, were confused 
with generalizations and taken to be explanations. The 
search for generality was appeased by the pseudo expla^ 
nation. It is from this ground that philosophy sprang. 

Such an origin does not make for a good record. But I 
am not writing a letter of recommendation for philos- 
ophy. I wish to explain its existence and its nature. And 
it is a fact that both its weakness and its strength can be 
accounted for by its origin on so dubious a base. 

Let me illustrate what I mean by a pseudo explana- 
tion. The desire to understand the physical world has at 
all times led to the question of how the world began. 
The mytholo^es of all peoples include primitive ver- 
sions of the origin of the universe. The best known story 
of creation, a product of the Hebrew imaginative spirit, 
is given in the Bible and dates about the ninth century 
B.c, It explains the world as the creation of God. Its ex- 
planation is of the naive type that satisfies a primitive 
mind, or a childlike mind, proceeding by anthropomor- 
phic analogies: as humans make homes and tools and 
8 



2. THE SEARCH FOR GENERALITY 
gardens, God made the world. One of the most general 
and fundamental questions, that of the genesis of the 
physical ^vorld, is answered by an analogy ^vith experi- 
ences of the daily environment. That pictures of this 
kind do not constitute an explanation, that, if they were 
true, they would make the problem of an explanation 
only more difficult to solve, has often been rightly ar- 
gued. The story of creation is a pseudo explanation. 

And yet — ^what a suggestive power lives in iti The 
Jewish people, then still in a primitive stage, gave the 
world a narrative so vivid as to have fascinated all readers 
down to our day. Our imagination is held in thrall by 
the awe-inspiring picture of a god whose spirit moved 
upon the face of the waters and who set all the world into 
being by a few commands. Deep innate desires for a 
powerful father are satisfied by this brilhant antique 
fiction. The satisfaction of psychological desires, how- 
ever, is not explanation. Philosophy has always been im- 
paired by a confusion of logic with poetry, of rational 
explanation with imagery, of generality with analogy. 
Many a philosophical system is like the Bible, a master- 
piece of poetry, abundant in pictures that stimulate our 
imagination, but devoid of the power of clarification 
that issues from scientific explanation. ^ _ 

There are some Greek cosmogonies which differ from 
the Jewish story of the origin of the world in that they 
assume an evolution, not a creation. In this respect they 
are more scientific: but they offer no scientific 
tion in the modem sense, for they too are constructed y 
primitive generalizations from daily experience, n^ 
imander, who lived about 600 b.c., believed 
world evolved from an infinite substance, which he called 
apeiron. First the warm separated from the cold, which 
became the earth; the warm fire surrounded the cold 
^rth and was then caught in wheel-Uke hoses o air. 
9 



SPECULATIVE PHILOSOPHY 

There it still is; the lire is visible through the holes in the 
hoses, which appear to us as the sun, the moon, and the 
stars. Living beings evolved from the moisture surround- 
ing the earth and began as lower forms; even human 
beings started as fishes. The philosopher svho gave us 
these fanciful pictures oE the origin oE the world took 
analogy to be explanation. And yet, his pseudo e.xplana- 
tions are not entirely futile, being at least a sort of step 
in the right direction. They are primitive scientific the- 
ories and, if employed as directives for further observa- 
tion and analysis, might eventually have led to better 
explanations. For instance, Anaximander’s wheel-like 
hoses are attempts at explaining the circular paths of the 
stars. 

There are two kinds of false generalization, which can 
be classified as innocuous and pernicious forms of error. 
The first, often found among empirically minded philos- 
ophers, lend themselves rather easily to correction and 
improvement in the light oE further experience. The 
second, which consist in analogies and pseudo explana- 
tions, lead to empty verbalisms and dangerous dogma- 
tism. Generalizations of this kind seem to pervade tlie 
work of speculative philosophers. 

As an instance oE a pernicious generalization, which 
uses a superficial analogy with the intention of construct- 
ing a universal law, consider the philosophic passage 
quoted in the introduction. The observation on which 
the statement is based is the fact that reason in large 
measure controls human actions and thus determines, at 
least partly, social developments. Looking for an expla- 
nation the philosopher regards reason as analogous to a 
substance that determines the properties of the objects 
which are composed of it. For instance, the substance iron 
determines the properties oE a bridge built of it. Ob- 
viously, the analogy is pretty bad. Iron is the same kind 

lO 



2. THE SEARCH FOR GENERALITY 
of Stuff as the bridge; but reason is not a stuff like human 
bodies and cannot be the material carrier of human ac- 
tions. When Thales, who about 600 b c. acquired fame 
as the “sage of Miletus”, put forth the theory that water 
is the substance of all things, he made a false generaliza- 
tion; the observation that water is contained in many 
materials, as in the soil, or in living organisms, was falsely 
extrapolated to the assumption that water is contained in 
every object. Thales’ theory, however, is sensible in so 
far as it makes one physical substance the building block 
for all the others; it is at least a generalization, though a 
false one, and not an analogy. How much superior is 
Thales* language to that of the quoted passagel 
The trouble with loose language is that it creates false 
ideas, and the comparison of reason with a substance of- 
fers a good illustration for this fact. The philosopher who 
wote this passage would strongly object to the interpreta- 
tion of his statement as a mere analogy. He would claim 
that he had found the real substance of all things and 
Would ridicule an insistence on physical substance. He 
would maintain that there is a "deeper” meaning of sub- 
stance, of which physical substance is but a special case. 
Translated into comprehensible language this would 
mean that the relation between the happenings in the 
universe and reason is the same as the relation between 
the bridge and the iron out of which it is made. But this 
comparison is obviously untenable, and the translation 
shows that any serious interpretation of the analogy 
would lead to logical blunder. Calling reason a substance 
may produce some images in the listener; but in further 
application such word combinations mislead the philos- 
opher to jump to conclusions which logic cannot war* 
rant. Pernicious errors through false analogies have been 
the philosopher’s disease at all times. ^ 

The fallacy committed in this analogy is an examp c 
11 
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There it still is; the fire is visible through the holes in the 
hoses, which appear to us as the sun, the moon, and the 
stars. Living beings evolved from the moisture surround- 
ing the earth and began as lower forms: even human 
beings started as fishes. The philosopher who gave us 
these fanciful pictures of the origin of the world took 
analogy to be explanation. And yet, his pseudo explana- 
tions are not entirely futile, being at least a sort of step 
in the right direction. They are primitive scientific the- 
ories and, if employed as directives for further observa- 
tion and analysis, might eventually have led to better 
explanations. For instance, Anaximander’s wheel-like 
hoses are attempts at explaining the circular paths of the 
stars. 

There are two kinds of false generalization, which can 
be classified as innocuous and pernicious forms of error. 
The first, often found among empirically minded philos- 
ophers, lend themselves rather easily to correction and 
improvement in the light of further experience. The 
second, which consist in analogies and pseudo explana- 
tions, lead to empty verbalisms and dangerous dogma- 
tism. Generalizations of this kind seem to pervade the 
work of speculative philosophers. 

As an instance of a pernicious generalization, which 
uses a superficial analogy with the intention of construct- 
ing a universal law, consider the philosophic passage 
quoted in the introduction. The observation on which 
the statement is based is the fact that reason in large 
measure controls human actions and thus determines, at 
least partly, social developments. Looking for an expla- 
nation the philosopher regards reason as analogous to a 
substance that determines the properties of the objects 
which are composed of it. For instance, the substance iron 
determines the properties of a bridge built of it. Ob- 
viously, the analogy is pretty bad. Iron is the same kind 
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2. THE SEARCH FOR GENERALITY 
o£ stufE as the bridge; but reason is not a stuff like human 
bodies and cannot be the material carrier o£ human ac- 
tions. When Thales, who about 600 B.c. acquired fame 
as the “sage of Miletus”, put forth the theory that water 
is the substance of all things, he made a false generaliza- 
tion; the observation that water is contained in many 
materials, as in the soil, or in living organisms, was falsely 
extrapolated to the assumption that water is contained in 
every object. Thales' theory, however, is sensible m so 
far as it makes one physical substance the building oc ' 
for all the others; it is at least a generalization, though a 
false one, and not an analogy. How much superior is 
Thales’ language to that of the quoted passagel 

The trouble with loose language is that it creates false 
ideas, and the comparison of reason with a substance of- 
fers a good illustration for this fact. "The phi osop er w o 
wrote this passage would strongly object to t e 
tion of his statement as a mere analogy. ® j 

that he had found the real substance of 
would ridicule an insistence on physical , 

would maintain that there is a "deeper 
stance, of which physical substance is u a p 
Translated into comprehensible language h>s wouU 
mean that the relation between happenings m the 
universe and reason is the same as t e r 

the bridge and the iron out of which translation 

comparison is obviously „£ the analogy 

shows that any Calling reason a substance 

would lead to logical blu listener; but in further 

may produce s°---f“^"i^Ji“islead the pliilos- 
apphcation J°^„ausions which logic cannot war- 
^LPrrXcmL errors have been 
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of a kind of mistake called the substantialization of ab- 
stracta. An abstract noun, like "reason”, is treated as 
though it refers to some thing-like entity. There is a 
classic illustration of this kind of fallacy in tlie philos- 
ophy of Aristotle (384-322 b.c.), where he treats of form 
and matter. 


Geometrical objects present the aspect of a form as 
distinct from the matter of which they are built; the 
form can change while the matter remains the same. 
This simple daily experience has become the source of 
a chapter of philosophy which is as obscure as it is influ- 
enual and which is made possible only by the misuse of 
an analogy. The form of the future statue, Aristotle ar- 
gues, must be in the block of wood before it is carved, 
otherwise it would not be there later; all becoming, like- 

thU^Aferen^' ® It >5 obvioUS that 

usage o worn « vague 

a u tit® lo™ of the statue is in 

"see” to It a s f the block of wood, or 

ttr:? t stt" 1-^ 

....a b, oirCiTur tb"i“- ■" r 

one makes a brazen sphere =>5 that 

putting the form into this matt a™ at 

^"ot cX“ ^ t 

sophit disciput wtttared’tVt ^ P’’*'°' 

tpeechilmaybepardonediflusTLiVhtLtatt^^^^^ 



2. THE SEARCH FOR GENERALITY 
without further explanation and merely add the state- 
ment that for Aristotle form and matter are such ulti- 
mate grounds of being. Form is actual reality and matter 
is potential reality, because matter is capable of taking 
on many different forms. Furthermore, the relation of 
form and matter is regarded as lurking behind many 
other relations. In the scheme of the universe, the upper 
and the lower spheres and elements, the soul and the 
body, the male and the female, stand to one another in 
the same relation as form and matter. Aristotle evi- 
dently believes that these other relations are explained 
by the strained comparison with the fundamental rela- 
tion of form and matter. A literal interpretation of anal- 
ogy thus supplies a pseudo explanation, which by the 
uncritical use of a picture brings many different phe- 
nomena together under one label. 

I will admit that Aristotle’s historical significance must 
not be judged by a scale of criticism which is the product 
of modern scientific thought. But measured even by the 
scientific standards of his time, or of his own achieve- 
ments in the fields of biology and logic, his metaphysics 
is not knowledge, not explanation, but analogtsm, that 
is, an escape into picture language. The urge to discover 
generalities makes the philosopher forget the very prin- 
ciples he applies successfully in more limited fields of 
inquiry, and makes him drift away on words where 
knowledge is not yet available. Here is the psychological 
root of the strange mixture of observation and meta- 
physics, which makes this outstanding collector of em- 
pirical material a dogmatic theorist, who satisfies his de- 
sire for explanation by coining words and setting up 
principles that are not translatable into verifiable ex- 
periences. 

What Aristotle knew about the structure of the uni- 
verse, or about the biological function of the male ana 

13 



SPECULATIVE PHILOSOPHY 

female, was not enough to admit of a generalization. His 
astronomy was that of the geocentric system, for which 
the earth is the center of the universe; and his knowl- 
edge of the mechanism of reproduction did not include 
ivhat is an elementary fact for modem biology: he did 
not know that the male spermatozoon and the female 
ovum unite in the generation of a new individual. No- 
body would reproach him for not knowing results that 
could not be discovered without the telescope or the 
microscope. But in the absence of knowledge it was a 
weakimss of his to mistake poor analogies for explana- 
tion. For instance, in speaking about reproduction he 
says that the male individual merely impresses a form 
upon the biological substance of the female. Misleading 
rl^r^ed assertion cannot be 

that '‘‘'.‘"Sic result of such analogism 

that philosophic systems, instead of gradually prenarine 

flumced the lb metaphysics has in- 

imperfections of his time Bm wb=, • P 
philosophical insight is too ofte^e to us as 

with meanings the author had y rerbalism filled 
relation of fo^rm andtaUeMendrUseh to'^’’^ 
ogles, without supplyine exnla„ u 1 

pretationisnottfcfSs'^over "• 

mistakes of a philosopher If '^oeply rooted 

Sophie research if the enors Promote philo- 
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2. THE SEARCH FOR GENERALITY 
meanings so twisted as to become divinatory guesses of 
what men in later times had the resources to prove. The 
history of philosophy would advance much faster if its 
progress were not so often delayed by those who have 
made the history of philosophy the subject of their re- 
search. 

I have used Aristotle’s doctrine of form and matter as 
an illustration of what I have called a pseudo explana- 
tion. Ancient philosophy supplies us with another in- 
stance of this unfortunate form of reasoning — the phi- 
losophy of Plato. Since Aristotle was once Plato’s student, 
one might even believe that he was disposed to his way 
of thinking by the plentiful use his teacher made of pic- 
ture language and analogism. But I will rather examine 
Plato’s philosophy without reference to its effects on 
Aristotle, which have often been analyzed. Its influence 
can be traced through a great variety of philosophical 
systems, reason enough to study its logical origin in 
more detail. 

The philosophy of Plato (427—347 t>ased on one 
of the strangest and yet most influential philosophical 
doctrines — his theory of ideas. The theory of ideas, so 
much admired and so intrinsically antilogical, arose 
from the attempt to give an account for the possibility 
of mathematical knowledge as well as of moral conduct. 

I shall discuss the latter root of the theory in Chapter 4 
and restrict my present remarks to the first root. 

Mathematical demonstration has always been re- 
garded as a method of knowledge satisfying the highest 
standards of truth, and Plato certainly emphasized the 
superiority of mathematics to all other forms of knowl- 
edge. But the study of mathematics leads to certain log- 
ical difficulties when undertaken with the critical attitu e 

the philosopher. This applies, in particular, to grom- 
«try, a discipline which stood in the foreground ot tne 
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investigations of Greek mathematicians. I will explain 
these difficulties in the logical form and the terminology 
in which we would present tliem today and then discuss 
the solution offered by Plato. 

A short excursion into logic will be helpful to make 
the problem clear. The logician distinguishes between 
universal statements and particular statements. Universal 
statements are all-statements; they have the form "all 
things of a certain kind have a certain property". They 
are also called general implications, because they state 
that the condition laid down implies having the prop- 
erty. As an example consider the statement "all heated 
metals expand". It can be phrased; "if a metal is heated. 
It expands”. When we want to apply such an implication 
to a particular object, we must make sure that the object 
satisfies the condition laid down; then we can infer that it 
has the property stated. For instance, we observe that a 
certain metal is heated; we then proceed to say that it 
expands. The statement "this heated metal expands" is 
a particular statement. ^ 

o£ i8o degrees", or Pythago^" fh'eOTem “nXigL' tr” 

such theorems, tve must make 'th 

laid down is satisfied. For instance wh condition 

a triangle on the ground, Z r^u!; lec^rv ^h"\ 
taut strings whether its sides are St L I ^ 

assert that its angles will add up to then may 

General implications of this kind , 

allow us to make predictions For im, 
tion about heated bodies allom urtoTSi- 
road tracks will expand in the sun. Thl'^S' 
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about triangles foretells what results we shall find when 
we proceed to measuring the angles of a triangle marked 
by three towers. Such statements are called synthetic, an 
expression which may be translated as informative. 

There is another kind of general implication. Con- 
sider the statement "all bachelors are unmarried”. This 
statement is not very useful. If we wish to know whether 
a certain man is a bachelor, we must first know whether 
he is unmarried; and once we know it, the statement does 
not tell us anything else. The implication does not add 
anything to the condition laid down by it. Statements of 
this kind are empty; they are called analytic, an expres- 
sion which may be translated as self-explanatory. 

We must now discuss the question how we can find out 
whether a general implication is true. For analytic impli- 
cations this question is easily answered: the implication 
“all bachelors are unmarried” follows from the meaning 
of the word “bachelor”. It is different with synthetic im- 
plications. The meaning of the words "metal and 
“heated” does not include any reference to "expanding . 
The implication can therefore be verified only throug 
observation. We have found in all our past experiences 
that heated metals expand: therefore we feel entit e to 


set up the general implication. , 

This explanation, however, appears to break down or 
geometrical implications. Did we learn from past experi- 
ences that the angles of a triangle add up to 180 degreesr 
Some reflection on geometrical roetliod speaks agai 
an affirmative answer. We know that the 
has a proof for the theorem of the angular sum. 
proof, he draws lines on paper and explains to us ce 
relations with reference to the diagram, but ° 
measure angles. He appeals to certain general trutns 
“lied axioms, from which he derives the ® 

ically; for instance, he refers to tlie axiom tha g 
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Straight line and a point outside it, there is one and only 
one parallel to that line through this point. This axiom 
is illustrated in his diagram. But he does not prove it by 
measurements; he does not measure the distances be- 
tween the lines in order to show that the lines are par- 
allel. 

In fact, he might even admit that his diagram is poorly 
drawn and thus supplies no good instance of a triangle 
and of parallels; but he would insist that his proof is strict 
nonetheless. Geometrical knowledge, he would argue, 
stems from the mind, not from observation. Triangles 
on paper may be helpful to make clear what we are talk- 
ing about; but they do not supply the proof. Proof is a 
matter of reasoning, not of observation. In order to per- 
fom such reasoning, we visualize geometrical relations 
and see , in some "higher” sense of the word, that the 
geometocal conclusion is inescapable and thus strictly 
true. Geometrical truth is a product of reason; that 
makes it superior to empirical truth, which is found 
through generalization of a great number of instances. 
naWe analysis is that reason appears ca- 

pab e of discovering general properties of physical ob- 

Wouid he nl' S'"'’ =*'"=“'ng consequence. There 

stricted tn f ™ ™ truth of reason were re- 
caTbe knnr unmarried 

“emutv 't-tement 

ent wUh slth ?• P^blems. It is differ- 

synJmdc «-oti uncover 

thanu^ihra^d^t:!™ m 

state the ouesfinlT. i “ner Plato s time. Plato did not 
problem long these W W^“inferThis' 

P bout the origin of geometrical knowledge. 



2. THE SEARCH FOR GENERALITY 
Plato tells us that apart from physical things there ex- 
ists a second kind of diings, which he calls ideas. There 
exists the idea of a triangle, or of parallels, or of a circle, 
apart from the corresponding figures drarvn on paper. 
The ideas are superior to physical objects; they exhibit 
the properties of these objects in a perfect way, and we 
thus learn more about physical objects by looking at 
their ideas than by looking at these objects themselves. 
What Plato means is again illustrated by reference to 
geometrical figures: the straight lines we draw have a 
certain thickness and thus are not lines in the sense of the 
geometrician, which have no thickness; the comers of a 
triangle drawn in the sand are actually small areas and 
are thus not ideal points. The discrepancy between the 
meaning of geometrical concepts and their realizations 
trough physical objects leads Plato to the belief that 
tliere must exist ideal objects, or ideal representatives of 
these meanings. Plato thus arrives at a world of a higher 
reality than our world of physical things; the latter are 
said to partake of the ideal things in such a way that they 
show the properties of the ideal things in an imperfect 
way. 


but mathematical objects are not tlie only things t at 
^^st in an ideal form. According to Plato, there are a 
'inds of ideas, such as the idea of a cat, or of a human 
■'^mg, or of a house. In short, every class name (a name 
^md of objects), or universal j indicates the existence 
- corresponding idea. Like mathematical 
•as of other oKi r»prFf*ri- as compared wit t lei 


UL a nouse. 
a kind of objects), 

1 the corresponding idea. Like mathematical laeas, 
as of other objects are perfect as compared wit t lei 
perfect copies in the real world. Thus the i 

the properties of “cattiness” in a perfec ’ 
tbe ideal athlete is superior to every actua a 
^very respect; for instance, he exhibits the i e 
I Incidentally, our present use o 1 1 

^a derives from Plato's theory. 
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SPECULATIVE PHILOSOPHY 
Strange as the doctrine of ideas may appear to tlie 
modern mind, within the frame of knowledge available 
in Plato’s time it must be regarded as an attempt at ex- 
planation, as an attempt to explain the apparently syn- 
thetic nature of mathematical truth. \Vc sec the proper- 
ties of ideal things through acts of vision and thus 
acquire a knowledge of real things. A vision of ideas is 
regarded as a source of knowledge comparable to the 
observation of real objects, but superior to it in that it 
reveals necessary properties of its objects. Sense observa- 
tion cannot tell us infallible truth, but vision can. We 
see through “the eye of the mind” that through a given 
point only one parallel line can be drawn with respect 
to a given line. Because this theorem appears to us as an 
infallible truth, it cannot be derived from empirical ob- 
servations: it is dictated to us by an act of vision whicli 
we can perform even while the eyes of our bodies are 
closed. In this form we can express Plato’s conception of 
geometrical knowledge. 'Whatever one may think of it, 
one must admit that it reveals a deep insight into the 
logical problems of geometry. It was advocated, in a 
somewhat improved version, by Kant; and in fact, it 
could not be replaced by a less mysterious conception 
before developments in the nineteenth century had led 
to new discoveries on mathematical grounds, discoveries 
which ruled out both Plato's and Kant’s interpretation 
of geometry. 

It must be realized that acts of vision, for Plato, can 
supply knowledge only because the ideal things exist. 
The extension of the concept of existence is indispen- 
sable for him. Since physical things exist, they can be 
seen, since ideas exist, they can be seen through the eye 
of the mind. Plato must have come to his conception 
through an argument of this kind, though he does not 
formulate the argument explicitly. Mathematical vision 
20 



2. THE SEARCH FOR GENERALITY 
is construed by Plato as analogous to sense perception. 
Here, however, is the point where the logic of his theory 
is unsound, judged even by a scale of criticism adjusted 
to his time. An analogy takes over where an explanation 
is intended. And the analogy, obviously, is none too 
good. It erases the intrinsic difference between matlie- 
matical and empirical knowledge. It ignores the fact that 
“seeing” necessary relations is essentially different from 
seeing empirical objects. A picture is put in the place of 
an explanation, and a world of an independent and 
“higher” reality is invented because the philosopher 
proceeds by analogy rather than by analysis. As in the 
illustrations from other philosophies given above, the 
literal interpretation of an analogy becomes the root of 
a philosophical misconception. The theory of ideas, witli 
its generalization of tlte concept of existence, supplies a 
pseudo explanation. 

The Platonist might try to defend himself by an argu- 
ment of the following kind. The existence of ideas, he 
would argue, must not be misinterpreted. Their exist- 
ence need not be precisely of the same kind as that of 
empirical objects. Is not the philosopher allowed to use 
certain terms of evciyday language in a somewhat wider 
meaning if he needs such terms? 

1 do not think that this argument supplies a good de- 
fense of Platonism. It is, of course, often true that terms 
of tlie language of daily life arc taken over into the an- 
guage of science because of their analog)' to some ncu 
concepts which the scientist needs. For instance, tlic 
term “energy” is used in pli>sics in an abstract meaning, 
whicli has some resemblance to its meaning in cvcr)day 
life. Such reemployment of terms, however, is 
siblc only when the new meaning is precisely dclinea 
and all further use of tlic term keeps strictly to its new 
meaning, not to its analogy with the old meaning. 
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physicist -who speaks oi the energy o£ the radiation of 
the sun would not allotv himself to say that the sun is 
energetic, like an energetic man. Such language rvould 
represent a relapse into previous meanings. Now, Plato s 
use of the word “existence” is not of the scientific type. 
If it were, the statement that ideal objects exist would 
have been defined in terms of other statements that do 
not contain such a questionable term, and would not 
have been used independently as having a meaning com- 
parable to that of physical existence. We may define the 
existence of an ideal triangle as meaning tliat ■^ve can 
speak about triangles in terms of implications. Or, using 
algebra for an illustration, we may say that for every al- 
gebraic equation concerning an unknoivn quantity, pro- 
vided it satisfies certain conditions, there exbts a solu- 
tion; in this usage, the word “exists” means that we knotv 
how to find the solution. Such a use of the word “exist- 
ence” represents a harmless mode of speech, which in 
fact is often employed by mathematicians. But when 
Plato speaks of the existence of ideas, the phrase means 
much more than an expression translatable into estab- 
lished meanings. 

What Plato wants is an explanation of the possibility 
of knowing mathematical truth. His theory of ideas is 
constructed as an explanation of such knowledge; that is, 
he believes the existence of ideas can explain our knowl- 
edge of mathematical objects because it makes possible 
a sort of perception of mathematical truth in the same 
sense that the existence of a tree makes possible a percep- 
tion of a tree. It is obvious that the interpretation of 
ideal existence as a mode of speech would not help him, 
since it would not account for a sort of sense percep- 
tion of mathematical objects. Instead, he arrives at a con- 
cept of ideal existence, which includes the properties of 
both physical existence and mathematical knowledge, a 
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Strange blend o£ two incompatible constituents which 
ever since has haunted philosophical language. 

I said above that it is the end o£ science when the de- 
sire £or knowledge is appeased by a pseudo explanation, 
by the confusion of analogy with generality, and by the 
use of pictures instead of Avell-defined concepts. Like tlie 
cosmologies o£ his time, Plato’s theory o£ ideas is not sci- 
ence but poetry; it is a product o£ imagination, but not 
o£ logical analysis. In the furdier development o£ his the- 
ory, Plato does not hesitate to exhibit openly the mysu- 
cal rather than logical train o£ his Uiought: he connects 
his theory o£ ideas with the conception o£ a migration oE 


souls. 

This turn is made in Plato’s dialogue Meno. Socrates 
wishes to explain tlie nature o£ geometrical knowlMgc 
and illustrates it by an experiment with a young slave, 
unschooled in mathematics, from whom he appears to 
extract a geometrical proof. He does not e.xplain to the 
boy the geometrical relations used for die soluuon; he 
makes him "see” diem through asking questions, and the 
cliarming scene is used by Plato as an illustration o a 
nuional insight into geometrical truth, of an inna c 
knowledge not derived from experience. This interprc 
tation, diough not acceptable to modem conceptions, 
■would have been, in Plato’s time, a strong enoug i argu 
ment for a vision of idc.as. But Plato does not comcn 
himself with such a result: he wants to cany- 
furdier and to explain die possibility of mn.nc knowl- 
edge. It is in this context that Socrates 
knowledge to be reininisccticc. to be ? 

visions of ideas which men had in previous “ f 
souls. Among these previous liscs, there w-as a i 
heaven which is bcyoml the licavcns , ‘■’■""‘I 
ideas were pcrcciscd. Plato thus rcsor,, "> "’Y'.'" ^ ■ 
order to "explain" a knowlctlgc of ideas. And it is hard 
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to see why in previous lives a vision of ideas was possible 
if it is impossible in our present lives— or why a tlieory 
of reminiscence is necessary if there is a vision of ideas 
in our present lives. 

The poetic simile is not bothered by logic. In Greek 
mythology, the question was raised why the earth does 
not fall into infinite space, and the answer was given tliat 
a giant, called Atlas, carried the terrestrial globe on his 
shoulders. Plato’s theory of reminiscence has about the 


same explanatory qualities as this story, in that it merely 
shifts the origin of a knowledge of ideas from one life to 
anotlier. And Plato’s cosmology, presented in the Ti- 
maeus, differs from such naive fiction only by the use of 
abstract language. For instance, he tells us that being 
subsisted before the generation of tlie universe. Only the 
obscurity of the language persuades tJie philosopher to 
see deep wisdom in such words, which in sober examina- 

Cheshire cat that remained 
visible after the cat had vanished 

Hi* speak 

— onlv thpv'^\ anguage that appeals to the imagination 
-only they should not be taken as explanation It is 
poetry that Plato has created, and his dialogues are mas- 

teaches young men by the method of asking questions is 

a pw bv th”T'7^''‘''^“‘‘= hi found 

*e ProoLi i *-==>H>ings of 

ae Prophets We should not take too seriously what Soc- 

rates says, what matters is how he says it and how he stim- 
ulates hts disciples to logical argument. Plato’s philoso- 
phy IS the work of a philosopher turned poet 

pheiTn’b temptation to a philoso- 

pher. when he sees questions he is unable to answer to 

hni 'explanation. If Plato 

had studied the problem of *e origin of geometrical 
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reason being the substance of all things, wlio could have 
had the benefit of two thousand years of scientific re- 
search subsequent to Plato’s time — but did not make use 
of It. 
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The Search for Certainty 
and the Rationalistic 
Conception of Knowledge 


W HAT THE preceding chapter has sho^vn is 
that the obscure conceptions of philo- 
sophical systems originate in certain 
extralogical motives intervening in the 
process of thought. The legitimate search for explana- 
tion in terms of generality is offered a pseudosatisfaction 
through picture language. Such an intrusion of poetry 
into knowledge is abetted by an urge for the construction 
of an imaginary world of pictures, which can become 
stronger than the quest for truth. The urge for picture 
thinking may be called an extralogical motive because it 
does not represent a form of logical analysis but orig- 
inates from mental needs outside the realm of lo^c. 

There is a second extralogical motive which often in. 
terferes with the process of analysis. While know e ge 
acquired by sense observation is on the whole success u 
in everyday life, it is early recognized as being none oo 
reliable. There are a few simple physical laws that seem 
to hold without exception, like the law that ire is i . 
or that humans are mortal, or tliat unsupporte ° . 

fall downward: but there are too many otlier ni cs w 
do have exceptions, like the rule tliat a seed p an e 
27 
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the ground will grow, or the rules o£ the weather, or the 
rules for the cure of human diseases. And a more com- 
prehensive observation often reveals exceptions even to 
the stricter laws. For instance, the fire of fireflies is not 
hot, at least not in the usual sense of tlie word “Iiot": and 
soap bubbles may rise into the air. While these excep- 
tions can be taken care of by a more precise wording of 
the law, stating the conditions of its validity and the 
meanings of its terms more carefully, there usually re- 
mains a doubt whether the new formulation is free from 
exception, whether we can be sure that later discovcri« 
will not reveal some limitation of the improved formula- 
tion. The development of science, with its repeated 
elimination of older theories and tlieir replacement by 
new ones, supplies good reasons for such doubt. 

There is another source of doubt: it is the fact that 
our personal experiences divide into a world of reality 
and a world of dream. That such a division must be made 
is, historically speaking, a discovery of a rather late pe- 
riod of the evolution of man; we know that the primitive 
peoples of our day do not possess a clear delineation of 
the two worlds, A primitive man who dreams that an- 
other man attacks him may take his dream for reality and 
go and kill the other man; or when he dreams that his 
wife deceives him with another man he may proceed to 
similar acts of vengeance, or acts of justice, the terminol- 
ogy depending on the point of view. A psychoanalyst 
might be willing to excuse the man to some extent by 
pointing out that such dreams will not occur without 
grounds and may justify, if not the retribution, at least 
the suspicion. The primitive man, however, acts not on 
the basis of psychoanalytical considerations, but because 
he lacks a clear distinction between dream and reality. 
Although the common sense man of our day usually feels 
comfortably immune against such confusion, a little 
28 
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analysis reveals that his confidence cannot claim cer- 
tainty. For while we dream we do not know that we are 
dreaming; it is only later, after awaking, that we recog- 
nize our dream as a dream. How then can we claim that 
our present experiences are of a more reliable type than 
those of a dream? The fact that they are associated with a 
feeling of reality does not make them more dependable, 
because we have the same feeling in a dream. We cannot 
completely exclude the possibility that later experiences 
will prove that we are dreaming even now. The argu- 
ment is not raised in order to dissuade the common-sense 
man from his trust in his experiences: it shows, however, 
that we cannot claim absolute reliability for such trust. 

The philosopher has always been troubled by the un- 
reliability of sense percepuon, which he has illustrated 
by considerations like the given ones, in addition he has 
mentioned sense illusions in the ivaking state, sue as 
apparent bending of a stick partly immersed in 
the mirage in the desert. He tlierefore rejoice to 
least one domain o£ knowledge which appwre exemp 
from deceit: that was mathematical knowledge. 

Plato, as mentioned above, regarded mathematics a 
the supreme form of all knowledge. His m 

greatly contributed to the widespread conception 

unless knowledge is of a mathematiral 

knowledge at all. The modem *scientist, despi e 

of mathematics as a powerful instrument o re ’ 

would not accept this maxim unconditiona y. . , 

insist that observation cannot be omitted from P 
science and would leave to mathematics 
tion of establishing connections between t ^ 
suits of empirical investigation. He is very wi g 
these mathematical connections as a gui e o 
servational discoveries; but he knows that t . 

him only because he starts with observationa * 
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and he is ahrays ready to abandon mathematical conclu- 
sions if they are not confirmed by later observation. Em- 
pirical science, in the modern sense of the phrase, is a 
successful combination of mathematical with observa- 
tional method. Its results are regarded, not as absolutely 
certain, but as highly probable and sufficiently reliable 
for all practical purposes. 

To Plato, however, the concept of empirical knowl- 
edge would have appeared an absurdity. When he iden- 
tified knowledge with mathematical knowledge, he 
wanted to say that observation should play no part in 
knowledge. "Arguments from probabilities are impos- 
tors . so we learn from one of Socrates’ disciples in the 
dialogue Phaedo, Plato wanted certainty, not tlie induc- 
tive reliability which modem physics regards as its only 
attainable goal. 


It IS true, of course, that the Greeks had no science of 
physics comparable to ours and that Plato did not know 
how much might be achieved through the combination 
of mathematical method with experience. Nevertheless, 
ere was one natural science which even in Plato's day 
had had great success with such a combination, the sci- 
tfon n The mathematical laws of the revolu- 

Wvh P uncovered, to a 

venLirri by skillful observation and 

geometrical reasoning. But Plato was not willing to ad- 
mit the contribution of observation to astronomy^ He in- 
sisted that astronomy was knowledge only Inasmuch as 

fndrntremc “appreheuLdlT™ 

smt coSot teil “bservatioL of the 

stars could not tell us very much about the laws imvem 

mg their revolution, because their actual motiorilto- 

ablrf “vs PHt^r'*' It wonW be 

Sr^ar'e “Jiemat a "'T™ ™1 motions of the 

eternal and subject to no deviation”. He m a tps 
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it very clear what he thinks of the observational astron- 
omer: “Whether a man gapes at the heavens or blinks on 
the ground, seeking to learn some particular of sense, I 
would deny that he can learn, for nothing of that sort is 
matter of science; his soul is looking downwards, not up- 
wards, whether his ^vay to knowledge is by rvater or by 
land, whether he Hoats, or only lies on his back”. Instead 
of observing the stars, we should try to find the laws of 
their revolution through thinking. The asttonomer 
should “let the heavens alone” and approach his subject 
matter by the use of “the natural gift of reason” {Repub- 
lic VII, pp. 529-530). Empirical science could not be re- 
jected more strongly than in these words, which express 
the conviction that knowledge of nature does not require 
observation and is attainable through reason alone. ^ 
How can this antiempirical attitude be explained 
psychologically? It is the search for certainty which makes 
the philosopher disregard the contribution o 0 serv 
tion to knowledge. Since he wants absolutely certain 
knowledge, he cannot accept the results of observations, 
since arguments from probabilities are for him impostors, 
he turns to mathematics as the only admissi e sourc 
of truth. The ideal of the complete mathematization ot 
knowledge, of a physics which is of the same type as 
geometry and arithmetic, springs from the desire to n 
absolute certainty for the laws of nature. It ^ , 

absurd demand that the physicist forget about 
servations, that the astronomer turn his eyes away 
the stars. ^ . 

The kind of philosophy JT"" been 

source of knowledge of the physical world , 

called rationalism. This word and its wnrd 

istic must be carefully distinguished c 

rational. Scientific knowledge is attained y . 

rational methods, because it requires the use o r 
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application to observational material. But it is not ra- 
tionalistic. This predicate would apply not to scientific 
method, but to a philosophical metliod which regards 
reason as a source of synthetic knowledge about the 
world and does not require observation for the verifica- 
tion of such knowledge. 

In philosophical literature, the name rationalism 
is often restricted to certain rationalistic systems of the 
modern era, from which the systems of the Platonic type 
are distinguished as idealism. In the present book the 
name rationalism will always be used in the wider sense, 
so as to include idealism. This notation appears justified 
l^cause both kinds of philosophy are alike inasmuch as 
they regard reason as an independent source of knowl- 
edge of ^e physical world. The psychological root of all 
rationalism in the wider sense is an extralogical motive, 
that IS, a motive not justifiable in terms of logic: it is the 
search for certainty. 

Plato was not the hrst rationalist. His most important 
predecessor was the mathematician-philosopher Pythag- 
’’ “‘I’ doctrines greatly inhuenced 
f, ‘he mathematician 

thrsnrr ^ n “ri'T “ Knowing 

does Tot f =* '"bject matter that 

does not require a reference to observation, he may be 
inclined to believe that his methods can be extended to 
other subject matters. The result is a theory of knowT- 
edge in which acts of insight replace senseTerception. 
and m which reason is believed to possess a pTer of its 

rph;™d:''‘'"' “ 

of°mh “h^'^tion is abandoned as a source 

ran crmTn,^^T ^ I " '‘“P If reason 

mTanoT I °‘h«-“e«mns of the human mind 
may appear as trustworthy as knowledge. From this con- 

3a 



3- THE SEARCH FOR CERTAINTY 
ception results a strange blend o£ mysticism and mathe- 
matics, which has never died out since its origin in 
Pythagoras’ philosophy. His religious veneration of num- 
ber and logic led him to the statement that all things arc 
numbers, a doctrine hardly translatable into meaningful 
terms. The theory of the migration of the soul, discussed 
above in the context of Plato’s theory of ideas, was one 
of the chief doctrines of Pythagoras, who is assumed to 
have taken it over from oriental reli^ons. We know that 
Plato was acquainted with this doctrine through his con- 
nection with Pythagoreans. The conception that logical 
insight ran reveal properties of the physical world is also 
Pythagorean in origin. Pythagoras followers practiced 
a sort of religious cult, the mystical character of which is 
visible in certain taboos said to have been imposed upon 
them by the master. For instance, they were taught that 
it is dangerous to leave an impress of the body on one s 
bed and were required to straighten out their bedclothes 
when they got up in the morning. 

There are other forms of mysticism, which are not 
associated with mathematics. The mystic usually has an 
antirational and antilogical bias and shows contempt or 
the power of reason. He claims possession of some sort ot 
supernatural experience, which presents him wit m 
fallible truth through a visionary act. This kind ot 
mysticism is known from religious mystics. Outside tne 
realm of religion, antirational mysticism has not p a^^ 
an important part, and I may omit its discussion in t is 
book, which is concerned ivith tlie analysis o 
philosophy that are related to scientific thought an lave 
contributed to the great controversy between philosop ^ 
and science. Only a mathematically inclined mysticis 
falls into the scope of this analysis. What unites such a 
mathematical mysticism with nonmathematica 
the reference to acts of supersensuous vision, w la 
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tinguishes it from those other forms is the use of vision 
for the establishment of intellectual truth. 

Of course, rationalism is not invariably mystical. Log- 
ical analysis in itself may be employed for the establish- 
ment of a kind of knowledge which is regarded as abso- 
lutely certain and yet as connected with knowledge of 
everyday lifp or scientific knowledge. Modern times have 
produced various rationalist sytems of this nonmystical 
scientific type. 

Among such systems I should like to discuss the ra- 
tionalism o£ the French philosopher Descartes (1596- 
ifaso). In various writings he presented arguments for 
*e uncertainty of perceptual knowledge, arguments of 
&e kind mentioned above. It seems that he was ex- 
tremely troubled by the uncertainty of all knowledge: 

Ihe “ P>'Sriraage to Loretto^if 

he would Illuminate his mind and help him find abso- 

himwh iTh’'' illumination came to 

him while he was living in an oven during a winter cam- 
paign in which he participated as an officer; and hfex- 
pres«d his gratitude to the Holy Virgin by fulfilling his 

by^mrans of Tr' constructed 

He\hurd“o h ^ 

by logical reasoning: rth'lnk,‘le!SoTe''i™m T 

magical formula. When I rail T- ■ r ' “ 5°“ 
trick,Idonotwish tX ,hm^ 
ceive his reade^ T u °“““es intended to de- 

deceived by this’tricky fo™ of rSIonfng'' bTi '’“' if 

d..b,i.g h, p^.j. „ “S 
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of an egOj and thus believes that he has found some fact 
which cannot be doubted. 

Later analysis has shown the fallacy in Descartes’ argu- 
ment. The concept of the ego is not of so simple a nature 
as Descartes believed. We do not see our own selves in 
the way we see houses and people around us. We may 
perhaps speak of an observation of our acts of thought, 
or of doubt; they are not perceived, however, as the prod- 
ucts of an ego, but as separate objects, as images accom- 
panied by feelings. To say "I think” goes beyond the 
immediate experience in that the sentence employs the 
word “I". The statement “I think” represents not an 
observational datum, but the end of long chains of 
thought which uncover the existence of an ego as distinct 
from the ego of other persons. Descartes should have said 
"there is thought", thus indicating the sort of detached 
occurrence of the contents of thought, their emergence 
independent of acts of volition or other attitudes involv- 
ing the ego. But then Descartes’ inference could no 
longer be made. If the existence of the ego is not war- 
ranted by immediate awareness, its existence cannot be 
asserted with higher certainty than that of other objects 
derived by means of plausible additions to observational 
data. 

It is scarcely necessary to go into a more detailed refu- 
tation of Descartes’ inference. Even if the inference were 
tenable it would not prove very much and could not es- 
tablish certainty of our knowledge about things other 
than the ego— that much is clear through the way Des- 
cartes continues the argument. He first infers that be- 
cause there is an ego there must be God; or else the ego 
could not have the idea of an infinite being, e goes on 
to infer that then the things around us must ^so exist, 
since otherwise God would be an impostor. lat is a 
theological argument, whicli appears strange enoug 
35 
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when offered by so eminent 3 msthemsticisn 3 S Des- 
cartes. The interesting question is: how is it possible 
that a logical issue, the attainability of certainty, was dealt 
with by a maze of arguments composed of tricks and 
theology, arguments that cannot be taken seriously by 
any scientifically trained reader of our day? 

The psychology of philosophers is a problem which 
deserves more attention than is usually paid to it in the 
presentations of the history of philosophy. Its study is 
likely to throw more light on the meaning of philosoph- 
ical systems than all attempts at a logical analysis of these 
systems. There is poor logic in Descartes’ inference, but 
there is a great deal of psychological information to be 
gathered from it. It was the search for certainty which 
made this excellent mathematician drift into such mud- 
dled logic. It seems that the search for certainty can make 
a man blind to the postulates of logic, that the attempt to 
base knowledge on reason alone can make him abandon 
the principles of cogent reasoning. 

Psychologists explain the search for certainty as the 
desire to return to the early days of infancy, which were 
not troubled by doubt and were guided by the confidence 
in parental wisdom. This desire is usually intensified by 
an education which conditions the child to regard doubt 
as sin and confidence as a religious command. The biog- 
rapher of Descartes might attempt to combine this gen- 
eral explanation with the religious tinge of Descartes’ 
doubts, his prayer for illumination and his pilgrimage, 
which indicate that this man needed his philosophical 
system in order to overcome a deeply rooted complex of 
uncertainty. Without entering into a specific study of 
Descartes’ case, one may draw an important conclusion 
from it: if the result of a logical inquiry is determined by 
a preconceived aim, if logic is made the instrument of 
proof of a result which we wish to establish for some 
S6 
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Other reason, the logic of the argument is prone to be 
fallacious. Logic can thrive only in an atmosphere of 
perfect freedom, on a ground whose extracts do not bur- 
den it with remnants of fear and prejudice. He who in- 
quires into the nature of knowledge should keep his eyes 
open and be willing to accept any result that cogent rea- 
soning brings to light; it does not matter if the result 
contradicts his conception of what knowledge should be. 
The philosopher must not make himself the servant of 
his desires. 

This maxim seems to be trivial, but only because we 
do not realize how diificult it is to follow the maxim. e 

search for certainty is one of the most dangerous sources 
of error because it is associated with the claim of a supe- 
rior knowledge. The certainty of logical proof is thus 
regarded as the ideal of knowledge; and the requirement 
is introduced that all knowledge should be established 
by methods as reliable as logic. In order to see t ^ 
sequences of this conception, let us study more c y 
the nature of logical proof. . , 

Logical proof is called deduction; the cone uston is 
tained by deducing it from other statements, called the 
premises of the argument. The argument is so co 
structed that if the premises are true the conclusion mu 
also be true. For instance, from the 
men are mortal” and "Socrates is t. 

the conclusion "Socrates is mortal”. The examp 
trates the emptiness of deduction: the cone mnkps 

state more than is said in the premises, it , 

explicit some consequence which is containe ’ P 
in the premises. It unwraps, so to speak, t le c 
that was wrapped up in the premises. 

The value of deduction is grounded in its e p 
For the very reason that the deduction does n ^ 

thing to the premises, it may always be app le 
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risk of leading to a failure. More precisely speaking, the 
conclusion is no less reliable than the premises. It is the 
logical function of deduction to transfer truth from 
given statements to other statements — but that is all it 
can do. It cannot establish synthetic truth unless another 
synthetic truth is already known. 

The premises of the example, “all men are mortal” 
and ‘Socrates is a man”, are both empirical truths, that 
is, truths derived from observation. The conclusion 


Socrates is mortal , consequently, is also an empirical 
truth, and has no more certainty than the premises. Phi- 
losopher have always attempted to find premises of a 
better kind, which would not be subject to any criticism. 
Descartes believed that he had an unquestionable truth 
m his premise "I doubt”. It was explained above that the 
teTO I in this premise can be questioned and that the 
inference cannot supply absolute certainty. The rational- 
ist, however, will not give up, but will continue to look 
tor unquestionable premises. 

Now there are premises o£ this kind; they are given by 

that every entity is 
identiea with j^tselE. and that every sentence is either 
true or false— the 'to be or not to be" of the logician— 

that they, too, are empty. They state nothing about the 
physral svorld. They are rules for our description of the 
physical world, but do not contribute to the content of 
the description; they determine only its form, that is the 
language of our description. The princi2s o“loS: 

^mtni^r-seh ™ 

as meaning self-explanatory and empty” 1 In contrast 

whirli ® synthetic statements 

which experience presents to us, however, are subject to 
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doubt and cannot provide us wiUi absolutely certain 
knowledge. 

An attempt to establish Uie desired certainty on an 
analytic premise was made in tlie famous ontological 
proof of God’s existence, constructed by Anselm of Can- 
terbury in the eleventli century. The deinonstration be- 
gins with the definition of God as an infinitely perfe« 
being: since such a being must have all 
erties, it must also have the property of 
fore, so goes the conclusion, God P^. ’ , 

fact, is analytic, because every definition is. Since li e 
statement of God’s existence is s>milietic. 
represents a trick by which a synthetic conclusion is de- 
rived from an analytic premise- seen 

The fallacious nature of this inference is 
from its absurd consequences. If it is P''’™'^' 
rive existence from a definition, '‘l.nh rsu^an 

the existence of a cat with three tails by ‘if'" S "ch t^n 
animal as a cat ivhich has three tails •■'"‘i “j 

Logically speaking, the fallacy 
unfversals lith particulars. From the 
only infer the univers.al statement that “ 

cat Mith three tails it exists, which is ? 
nut the particular statement that ‘'l"" 
tails i’f that if somclhiiig 

.sail J’'-,'ionf..sio.. of imiscisals and 

IS such a being. co"nate to a .siniil.rr cmifii- 

particnlars, ’"‘"f ,|,cory of the ssllogism.) 
Sion existing m . .,_,goi) s.ho eiw- that ccr- 

It was Iitiinamtcl K.ant l,r .ieiisesl f.oi.i ana- 

laiiiti of a ssiithctic iiaiur ' . j ptniiix's of iiniiurs- 

v;-;S 'tS 

Sw S'” ‘J"''"'' • f"""' ■' 
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means “not derived from experience”, or “derived from 
reason and necessarily true”, Kant’s philosophy repre- 
sents the great attempt to prove that there are synthetic 
a-priori truths; and historically speaking it represents the 
last great construction of a rationalist philosophy. He is 
superior to his predecessors Plato and Descartes in his 
avoidance of their mistakes. He does not commit himself 


to an existence of Platonic ideas; nor does he smuggle in 
a pseudonecessary premise by a trick, as Descartes does. 
He claims to have found the synthetic a priori in the 
principles of mathematics and mathematical physics. 
Like Plato, he starts with mathematical knowledge; he 
explains such knowledge, however, not by the existence 
of objects of a higher reality, but by an ingenious inter- 
pretation of empirical knowledge, to be discussed pres- 
ently. 


^ If progress in the history of philosophy consists in the 
discovery of significant questions, Kant is to be assigned 
a high rank because of his question concerning the exist- 
ence of a synthetic a priori. Like other philosophers, 
however, he claims merit not for the question but for his 
answer to it. He even formulates the question in a some- 
what different way. He is so convinced of the existence 
of a synthetic a priori that he regards it as hardly neces- 
sary to ask whether there is one; therefore, he poses his 
question m the form; how is a synthetic a priori possible? 
The proof of its existence, he continues, is supplied by 
mathematics and mathematical physics. 

^iP' defense of Kant’s po- 

ther' *l”egards the axioms of geometry as syn- 
thetic a priori bears witness to a deep insight into the 

EeometJv'’ “a geometry. Kant saw that Euclid’s 
a unique position in that it revealed 
necessaiy relations holding for empirical obiects, rela- 
lons which could not be regarded as analytic. He is much 
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more explicit than Plato about this point. Kant knew 
that the strictness of mathematical proof cannot account 
for the empirical truth of geometrical theorems. Geo- 
metrical propositions, such as the theorem about the 
angular sum of a triangle, or Pythagoras’ theorem, are 
derivable by strict logical deduction from the axioms. 
But these axioms themselves are not so derivable — they 
cannot be derivable because every derivation of synthetic 
conclusions has to start with synthetic premises. The 
truth of the axioms must therefore be established by 
other means than logic; they must be synthetic a priori. 
Once the axioms are known to be true for physical ob- 
jects, the applicability of the theorems to these objects is 
then guaranteed by logic, since the truth of the axioms is 
transferred by the logical derivation to the theorems. 
Conversely, if one is convinced that geometrical theo- 
rems apply to physical reality, one admits belief in the 
truth of the axioms and therefore in a synthetic a priori. 
Even those persons who would not like to commit them- 
selves openly to a synthetic a priori indicate through 
their behavior that they believe in it; they do not hesitate 
to apply the results of geometry to practical measure- 
ments. This argument, Kant maintains, proves the ex- 
istence of the synthetic a priori. 

Kant contends that similar arguments can be con- 
structed from mathematical physics. Ask a physicist, he 
explains, what is the weight of smoke; he will ascertain 
it by weighing the substance before the burning and 
then deducting the weight of the ashes. In this deter- 
mination of the weight of the smoke the assumption is 
expressed that mass is indestructible. Tiie principle of 
the conservation of mass, Kant argues, is thus shown to 
be a synthetic a-priori truth, which the ph>sicist recog- 
nizes tlirough the method of his experiment. IVe know 
today that the computation described by Kant leads to 
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the ivrong result, because it does not take into account 
the weight of the oxygen whicli enters into a chemical 
combination with tlie burning substance. Had Kant 
knoim of this discovery of a later time, hotvever, he 
would have argued tliat, although it modifies the mode 
of computation, it docs not contradict the principle of 
the conservation of mass; this principle will supply once 
more the frame of the computation if the weight of the 
oxygen is included in the consideration, 
i^other synthetic a priori of the physicist, according 
to Kant, is the principle of causality. Although we often 
are unable to find the cause of an observed event, we do 
not assume that it occurred without a cause; we are con- 
vinced that we shall find the cause if we only go on 
searching for it. This conviction determines the method 
of scientific research and is the propelling force of every 
saentific experiment; if we did not believe in causality, 
t ere would be no science. As in the other arguments 
constructed by Kant, the existence of the synthetic a 
prion IS here proved by reference to scientific procedure: 
saence presupposes the synthetic a priori-tliis conten- 
° •^“ofs philosophical system. 

What makM Kant's position so strong is its scientific 
back^ound. His search for certainty is not of the mys- 
nm n/r into a world of ideL, 

rermim “ ’'’Sical tricks which extract 

presuppositions, as a magician pulls 
of his d f x" mobilires the science 

he cLmI r =>ttainable; and 

e claims that the philosopher's dream of certainty is 

thrautr P™- theTppeal to 

Bu^thr^ ° a strength, 

he be levef T firm as 

as the uwl , c ’■‘'girded the physics of Newton 

as the ultimate stage of knowledge of nature and ideal- 
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ized it into a philosophical system. In deriving from pure 
reason the principles of Newtonian physics, he believed 
he had achieved the complete rationalization of knowl- 
edge, had attained the goal which his predecessors had 
been unable to reach. The title of his major work, Cri- 
tique of Pure Reason, indicates his program of making 
reason the source of a synthetic a-priori knowledge and 
thus to establish as a necessary truth, on a philosophical 
ground, the mathematics and physics of his day. 

It is a strange matter of fact that those who watch and 
admire scientific research from the outside frequently 
have more confidence in its results than the men who 
cooperate in its progress. The scientist knows about the 
difficulties which he had to eliminate before he could 
establish his theories. He is aware of the good luck which 
helped him discover theories that fit the given observa- 
tions and which made later observations fit his theories. 
He realizes that discrepancies and new difficulties may 
arise at any moment, and he will never claim to have 
found the ultimate truth. Like the disciple who is more 
fanatical than the prophet, the philosopher of science is 
in danger of investing more confidence in scienti c re 
suits than is warranted by their origin in observation and 


generalization. . r • -c 

The overestimation of the reliability of scimti c r^ 
suits is not restricted to the philosopher; it has become a 
general feature of modem times, that is, of the peno 
dating from the time of Galileo to our day, m which pe- 
riod falls the creation of modem science. e ^ 
f fence has the answer to all questions— that if o y 

is in need of technical information, or is i , or is r 
by some psychological problem, he merely las o 
scientist in order to obtain an answer— is so wi^despread 
that science has taken over a social function w 
inally was satisfied by religion: the function o o 
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ultimate security. The belief in science has replaced, in 
large measure, the belief in God. Even where religion 
was regarded as compatible with science, it was modified 
by the mentality of the believer in scientific truth. The 
period of Enlightenment, into which Kant’s lifework 
falls, did not abandon religion; but it transformed reli- 
gion into a creed of reason, it made God a mathematical 
scientist who knew everything because he had a perfect 
insight into the laws of reason. No wonder the mathe- 


matical scientist appeared as a sort of little god, whose 
teachings had to be accepted as exempt from doubt. All 
the dangers of theology, its dogmatism and its control of 
thought through the guaranty of certainty, reappear in a 
philosophy that regards science as infallible. 

Had Kant lived to see the physics and mathematics of 
our day he might very well have abandoned the philos- 
op y of the synthetic a priori. So let us regard his books 
as documents of their time, as the attempt to appease his 
hunger for certainty by his belief in the physics of New- 
ton. In fact, Kant’s philosophical system must be con- 
ceived as an ideological superstructure erected on the 
founda ion of a physics modeled for an absolute space. 
^ absolute time and an absolute determinism of nature. 

n "If u *"'1 “s failure, 

'n 7 regarded by so many as the 

Ss philosophy 

orErteXd bC'" 


thI'KanTT? ^reounts for the psychological fact 

the synthetic 

lofoX; hi Ptreottretved aim that makes the phi- 

dncfd TnXX assumptions he has infro- 

dhcut the 7 ” 7° ™ I will now 

discuss the second part of Kanfs theory of the synthetic 
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a priori, in which he proceeds to answer the question 
“how is the synthetic a priori possible?” 

Kant claimed he could explain the occurrence o£ a 
synthetic a priori through a theory which shows the 
a-priori principles to be necessary conditions of experi- 
ence. He argues that mere observation does not supply 
experience, that observations must be ordered and or- 
ganized before they can become knowledge. The organ- 
ization of knowledge, according to him, is dependent on 
the use of certain principles, such as the axioms of geom- 
etry and the principles of causality and the conservation 
of mass, which are innate in the human mind and which 
we employ as regulative principles in the construction of 
science. They are, so he concludes, necessarily valid be- 
cause without them science would be impossible. He 
calls this proof the transcendental deduction of the syn- 
thetic a priori. 

It must be recognized that Kant’s interpretation of the 
synthetic a priori is widely superior to Plato’s analysis of 
this point. In order to explain how reason can have 
knowledge of nature, Plato assumes that there exists a 
world of ideal things which reason perceives and which 
somehow controls the real objects. No such mysticism is 
found in Kant. Reason has knowledge of the physiral 
world because it shapes the picture we construct o t e 
physical world; that is Kant’s argument. The syntnetic 
a priori is of a subjective origin; it is a condition super- 
imposed on human knowledge by the human 

Let me clarify Kant’s explanation by a si^P ^ * 
tion. A man who wears blue spectacles wi o 
everything is blue. If he were bom with those glasses, 
however, he would regard blueness as a necessary p 
cate of all things, and it would take some time unti 
Would discover that it is he, or rather his g a ' . - 
introduce blueness into the world. The synUietic a-pnori 
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principles of physics and mathematics are the blue 
glasses through ^vhich we see the world. We should not 
be astonished that every experience ^vill confirm them 
because we cannot acquire experience without them.* 
This illustration does not stem from Kant; in fact, it 
appears alien to the author of prolix books filled with 
abstract considerations in an involved language, whicli 
makes tlie reader thirst for concrete illustrations. Had 
Kant been accustomed to explain his ideas in the plain 
and simple language of the scientist he would perhaps 
have discovered that his transcendental deduction is of 
questionable value. He would have seen that his argu- 
ment, if further extended, leads to an analysis of the fol- 
lowing kind. 

Assume it is correct that no experience can ever dis- 
prove the a-priori principles. This means tliat ivhatever 
observations will be made, it will always be possible to 
interpret or order them in such a way that these prin- 
ciples are satisfied. For instance, if measurements on 
triangles were made which contradicted the tlieorcm of 
the ang^ular sum, we would assign the deviations to ob- 
servational errors and introduce “corrections” for the 
measured values in such a way that the geometrical theo- 
rem would be satisfied. But if the philosopher could 
prove that such a procedure is always possible for all a- 
prion principle s, these principles would be shown to be 


the bom with h„ natural eye lenses “Xed hl,^ rw”' 

and his nervous system are normal So far ns 1, ® retina 

produced by internal stimulation th^ would th 
would therefore be able to see other mlors than Hi ““d 

come to the conclusion that the nhvsical^o la t*™™ t“'‘' 

which do not apply to the^wrld of restrictions 

eventually find out that this testnction sSli f 

his eye lenses stems from the composition of 
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empty and thus analytic; they would not restrict possible 
experiences and thus not inform us about properties of 
the physical world. An extension of Kant’s theory in this 
direction was, in fact, attempted by H. Poincare under 
the name of conventionalism. He regards the geometry 
of Euclid as a convention, that is, as an arbitrary rule 
which we impose upon our system of ordering experi- 
ences. The limitations of this conception will be studied 
in Chapter 8. To illustrate the meaning of conventional- 
ism in a field other than geometry, consider the state- 
ment that all numbers larger than 99 must be ■written 
with at least three digits. This statement is true only for 
the decimal system, but would break down for another 
notation, such as the duodecimal system of the Babylo- 
nians, who used the number 12 as the basis of their nuin- 
ber system. The decimal system is a convention which 
we use for our number notation, and we can prove that 
all numbers can be written in this notation. The state- 
ment that all numbers larger than 99 must be written 
with at least three digits is analytic when it refers to this 
system. In order to interpret Kant’s philosophy as con- 
ventionalism, we would have to prove that Kant’s prin- 
ciples can be carried tlirough in the face of all possi e 


experiences. . . . 

But such a proof cannot be given. In fact, if the a 
principles are synthetic, as Kant believed, sue a pr 
is impossible. The word "synthetic" means that we ca 
imagine experiences which contradict the P 

ciples; and if we can imagine such experiences, 'W 
not exclude the possibility that some day we mig 
them. Kant would argue that this case cannot happen - 
cause the principles are necessary conditions o P 
ence. or, in other words, because, in tiie 
experience as an ordered system of obse^a * . 

not be possible. But how does he know tlia p 
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will always be possible? Kant had no proof that we would 
never arrive at a totality of observations which could not 
be ordered in the frame of his a-priori principles and 
which would make experience impossible, at least expe- 
rience in the Kantian sense. In the language of our illus- 
tration this case would occur if the physical world con- 
tained no light rays of the wave length corresponding 
to blue; the man with the blue glasses would then see 
nothing. If the corresponding case were to occur in sci- 
ence, if experience of the Kantian kind should become 
impossible, Kant’s principles would be shown to be in- 
valid for the physical world. And because of the possi- 
bility of such a disproof, the principles cannot be called 
a priori. The postulate that experience in the frame of 
the a-priori principles must always be possible is the un- 
warranted assumption of Kant's system, is the undemon- 
strable premise on which his system hinges. That he does 
not explicitly state his premise shows that the search for 
certainty made him overlook the limitations of his ar- 
gument. 

1 do not wish to be irreverent to the philosopher of the 
Enlightenment. We are able to raise this criticism be- 
cause we have seen physics enter a stage in which the 
Kantian frame of knowledge does break down. The 
axioms of Euclidean geometry, the principles of causal- 
ity and substance are no longer recognized by the physics 
of our day. We know that mathematics is analytic and 
that all applications of mathematics to physical reality, 
including physical geometry, are of an empirical validity 
and subject to correction by further experience; in other 
words, that there is no synthetic a priori. But it is only 
now, after the physics of Newton and the geometry of 
Euclid have been superseded, that such knowledge is 
ours. It is difficult to conceive of the possibility of a break- 
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down of a scientific system in its heyday; it is easy to refer 
to such a breakdo^vn after it has become reality. 

Such experience has made us wise enough to antici- 
pate the breaking down of any system. It has not dis- 
couraged us, though. The new physics has shown that we 
can have knowledge outside the frame of the Kantian 
principles, that the human mind is not a rigid system of 
categories into which it packs all experiences, but that 
the principles of knowledge change with its content and 
can be adapted to a much more complicated world than 
that of Newtonian mechanics. We hope that in any fu- 
ture situation our minds will be flexible enough to sup- 
ply methods of logical organization that can cope with 
the given observational material. That is a hope, not a 
belief for which we pretend to have a philosophical 
proof. We can do without certainty. But it was a long 
way to this more liberal attitude toward knowledge. The 
search for certainty had to bum itself out in the p i o 
sophical systems of the past before we were able to en- 
visage a conception of knowledge which does away wit 
all claims to eternal truth. 
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The Search for Moral 
Directives and the Ethico- 
Cognitive Parallelism 


Socrates: Then shall we inquire together what virtue is? 

Meno. Certainly. 

Socrates. Since we know not yet what or of what nature 
it IS, let us consider the question of its teachableness, saying 
hypothetically thus, if it be science or knowledge or other 
than science or knowledge, it will be or not be teachable. For 
is it not at least clear that a man can only be taught that 
which IS science or knowledge? 

Meno So it seems to me. 

Socrates’ If then virtue be a kind of science or knowledge, 
It may be taught? 

Meno Of course 

Socrates We are then quickly at the end of this hypotheti- 
cal inquiry, li virtue be of such a nature it is teachable, if not, 
not. 


I N THIS passage of Plato's dialogue Meno, presented 
here in an abbreviated form, Socrates discusses the 
question whether virtue is knowledge. As in 
Plato s earlier dialogue Protagoras, where the 
same question is discussed, Socrates does not answer by 
a clear '“yes” or “no”. He cannot come to a definitive 
answer because of his ambiguous use of the words 
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“knowledge” and “teaching”. Socrates often insists that 
he never teaches, but only helps a man to see the truth 
through his otvn eyes. The method he uses consists in 
asking questions. The student learns because the ques- 
tion directs his attention to certain points; and the true 
answer thus becomes known through focussing the rele- 
vant factors and drawing conclusions. Of this kind is the 
learning of geometry; the realization of the truth of the 
geometrical relations needed for a proof is always left to 
the student, and the teacher can merely induce him to 
perform these acts of insight. But if the student learns 
as a consequence of this so-called dialectic method, the 
person who makes him learn may very well be said to 


"teach”. In fact, if Socrates were to extend his queer ter- 
minology to the realm of geometry and deny that geom- 
etry can be taught (which he sometimes does), it would 
follow that geometry is not knowledge (a conclusion 
which he does not draw). It will therefore appear correct 
to interpret Socrates’ view as being that virtue is a form 
of knowledge in the same sense that geometiy can e 
called a form of knowledge. 

This interpretation is justified by Socrates o\m expo- 
sition of the problem. He wants to show Meno by what 
method ethical questions can be solved and refers or t is 
purpose to the process of acquiring geometrical know - 
^dge. It is at this point that the dialogue is I 

the aforementioned scene, in which Socrates ma 
young slave understand a geometrical 
wishes to illustrate his contention that in order 
what is virtue, and what is the good, one P, , 
act of insight of the same kind as is require 
understanding o£ geometrical proofs. Ethical 1“^^ 

:d as beinir found through ^a peculiar 


— '^'-tauiiiaing ot geometrical piuuw. — . 

Jte thus presented as being found throug i 
orm of vision, comparable to the visua izatiL... ^ , 
metrical relations. By the use of this argument. eUiica 
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insight is presented as a parallel to geometrical insight. 
If there is such a thing as geometrical knowledge, there 
must also be an ethical knowledge— this conclusion ap 
pears inescapable, once the Socratic-Platonic doctrine is 
freed from the sophistical terminology in which it is 
formulated. In this sense, this doctrine may be expressed 
by the thesis that virtue is knowledge. 

With this thesis, Plato and Socrates established the 
ethico-cognitive parallelism, the theory that ethical in- 
sight is a form of cognition, that is, of knowing. If a man 
commits immoral actions, he is ignorant in the same 
sense that a man who makes mistakes in geometry is ig- 
norant; he is unable to perform the act of vision which 
shows him the good, a vision of the same kind as the one 
that shows him geometrical truth. 

If we compare this conception with the form in which 
ethical principles are presented in the Bible, we notice a 
remarkable difference. The Bible offers ethical rules as 
the word of God, the Hebrew God who gives to Moses 
the Ten Commandments on Mount Sinai. “Thou shalt 
not kilir’ “Thou shalt not steall” The imperative form 
of the rules makes it evident that it is meant as a com- 
mand, not as a statement about matters of fact. The 
transformation of ethical rules into a form of knowledge 
seems to be a later invention. The Hebrew would have 
regarded it as a disparagement of the word of God to put 
the Ten Commandments on a par with a law of nature, 
or a law of mathematics. At the time when the Penta- 
teuch was 'NVTUten, knowledge had not yet assumed the 
form of an organized system; the geometry of the Egyp- 
tians was no more than a set of practical rules for survey- 
ing the land and building temples. It was a Greek discov- 
ery that geometry could be established in the form of a 
logical proof. The conception of virtue as knowledge is 
therefore an essentially Greek mode of thought. Knowl- 
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edge had first to acquire the perfection and the dignity 
which the Greek spirit conferred upon it through the 
construction of mathematics as a logical system, before it 
could be regarded as supplying the foundation of ethical 
rules. The laws of nature and of mathematics had first to 
be recognized as laws, as relations that impose recogni- 
tion upon us and do not tolerate any exceptions, before 
they could be conceived as parallels of ethical laws. The 
double meaning of the word “law”, as moral command 
and as the rule of nature or of reason, bears witness to the 
construction of this parallelism. 

The motive for the parallelism seems to be a desire to 
establish ethics on a better ground than religion. The 
trust in God’s command may satisfy a naive mind that w 
not troubled by doubts of the superiority o t c a . 
The people that constructed the logical fom of ma*^- 
matira discovered a new form of command, the command 
of reason. The impersonal form of this command mak 
it appear to be of a higher type; it deman^ ^sent 
whether or not we believe in the existence ° S • 
eliminates the question whether the ru es o t e go 
good, it emancipates us from the =>"*ropomorphic con- 
ception that doing good consists in the su or , .. .‘ 

superior will. No wonder that the best way o 
ethical rules as obligatory for everybody “PP^J' ^ 
given in an ethico-cognitive parallelism, in le 
virtue is knowledge. a 

A philosophical system which P/^ents he etoo 
cognitive parallelism in its extreme form is i 
Spinoza (1632-1677). In this system, Spinom goes so far 

as to imLte Euclid’s axiomatic construcu^ of geom 

etry, hoping thus to establish ethics on as 1 • 

as that of geometry. Like Euclid he begins ''i 
and postulates and then derives theorem . j ’ 

his Ethics reads, in fact, like a textbook of geometry. In 

53 



SPECULATIVE PHILOSOPHY 

its first parts, the book is not ethical in our sense; it de- 
velops a general theory o£ knowledge. It then goes on to 
the treatment of emotions. Spinoza develops the theory 
that passions derive from inadequate ideas of the soul, 
corresponding to Socrates’ theory that immorality is ig- 
norance, and in a chapter entitled “of human bondage, 
or the strength of the emotions” he wishes to show that 
passions cause sadness and are therefore bad. 'We arrive 
at happiness when we overcome the power of the pas- 
sions; the power to such liberation is contained in reason, 
as he explains in a chapter “of the power of the under- 
standing, or of human freedom”. His ethics is stoical, 
good is only the intellectual pleasure of knowledge; the 
happiness derived from emotional satisfaction and the 
joys of life, though not regarded by Kim as immoral, ap- 
pears to him irrelevant with respect to morality and is 
only recommended, in a moderate dose, as a sort of food 
for the body, necessary to keep the body cajjable of doing 
everything that is in its nature. 
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veals that his admiration for logic was greater than his 
abilities in it; in fact, the logic of his derivations is poor, 
and they cannot be understood without many tacit addi- 
tions and psychological interpretations. By no means can 
his system be regarded as at least internally valid, that is, 
as correctly derived from his axioms. His conclusions go 
far beyond tlie content of his premises. For instance, he 
takes over tire ontological demonstration of the existence 
of God. But invalid logical constructions can still have 
the psychological function of strengthening subjective 
beliefs, and fallacious reasoning can be the indispensable 
instrument of a creed. Spinoza needed the logical form 
as a backbone to support him in his suppression of emo- 
tions, in his uncommon indifference to the pleasures of 
passion. The Socratic intellectualization of ethics was 
thus used by him, as by many of his predecessors, for 
construction of an ethics that disparages emotion. That 
is perhaps the most preposterous outcome of the ethicc^ 
cognitive parallelism. From the time of t e toics 
conception of the philosopher as a man wit out pas 
has dominated public opinion and has made of^or pet^ 
pie feel inferior when they found themselves unable t 
achieve such wisdom. I do not see why p '.“°P . 
should live up to such a glorification of t e ‘'"P 
type. Those who derive satisfaction from '^P 
will not dissuade from their pleasure, ut 
why the rest of us, whose pleasures are of ® "lor 
variety, should feel inferior. What makes 
ing is passion; this rule applies to phi osop e , , 

it looU as though Spinoza’s unfortunate passion for lope 
was not so different from the more sensational forms in 
which passion manifests itself in other , , • 

Spinoza’s deductive construction of et ii«, 
tention of showing that ethical rules can g . 

ductive proof, is a more elaborate version of Socrates 
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its first parts, the book is not ethical in our sense; it de- 
velops a general theory of knowledge. It then goes on to 
the treatment of emotions. Spinoza develops the theory 
that passions derive from inadequate ideas of the soul, 
corresponding to Socrates' theory that immorality is ig- 
norance, and in a chapter entitled "of human bondage, 
or the strength of the emotions" he wishes to show that 
passions cause sadness and are therefore bad. We arrive 
at happiness when we overcome the power of the pas- 
sions; the power to such liberation is contained in reason, 
as he explains in a chapter “of the power of the under- 
standing, or of human freedom”. His ethics is stoical, 
good is only the intellectual pleasure of knowledge; the 
happiness derived from emotional satisfaction and the 
joys of life, though not regarded by him as immoral, ap- 
pears to him irrelevant with respect to morality and is 
only recommended, in a moderate dose, as a sort of food 
for the body, necessary to keep the body cabable of doing 
everything that is in its nature. 

T P'’‘'osophers Spinoza enjoys a high reputation; 

I think this reputation is more the merit of his personal- 
ity than of his philosophy. He was a modest and coura- 
g ous man, who stood up for his theories and realized 
his ethics m his own life. He earned his living by grind- 
ing lenses for eyeglasses and refused to accept an aca- 
have restricted the lib- 
an nh was attacked as 

nhfnf A from the Jewish commu- 

en7tn fr*' his heresy. He remained indiffer- 

shLedtyZreT' 

renretm^L'P'"'"'! £o™. fr 

whom self ^ oE 3 dispassionate personality to 

h gtet rn^T' work appear as Ae 

highest good. By projecting his ethics into logic, he re- 
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conception that virtue is knowledge. And it establishes 
this conception on an even more solid basis because it 
shows that ethical knowledge is not only a product of 
rational insight, but is also accessible to the most power- 
ful technique of rational thought, to logical derivation. 
As in geometry, the axioms of ethics are merely the start- 
ing point of deductive constructions, which lead through 
chains of reasoning to further and further results. Ethics 
is knowledge not only because its first principles appear 
as “true”, but also because it is subject to the principles 
of logical reasoning and admits of the technique of logi- 
cal proof for the establishment of relations between 
moral laws — this is an argument which expresses the 
conception of Spinoza as well as that of Socrates and 
Plato. 

Examples of derivations, selected from both the cog- 
nitive and the ethical field, will make the parallelism 
clear. Like the process of acquiring knowledge, that of 
finding out what is good is of a gradual nature, and is run 
through by steps of better and better insights; and teach- 
ing the truth, or teaching virtue, consists in helping a 
person to climb up these steps. We ask, for instance, 
whether a circle can be so drawn inside a triangle that 
the three sides are made tangents of the circle. We imag- 
ine pictures which show us circles and triangles having 
this relation, but do not know yet whether it can be done 
for all sorts of triangles, or whether it can be done in 
more than one way. Finally the geometrical proof is 
found that it can be done for every triangle, and for every 
one in only one way. This discovery is achieved in steps, 
whether the proof is found by ourselves or demonstrated 
to us by a teacher. Similarly, we ask whether lying to an- 
other person is good. We may answer that it is sometimes 
good, sometimes bad; but in further analysis we see that 
although lying may sometimes be to our personal advan- 
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of ethical deductions arrives at similar results. As in 
mathematics, the axioms of ethics must be distinguished 
from derivable ethical theorems; and only the relation 
between the two, the if-then statement “if you accept 
the axioms you must accept the theorem” is capable of 
a logical proof. Analysis shows, therefore, that the valid- 
ity of ethics is reducible to the validity of the etlrical 
axioms; as in mathematics, the method of deduction can 
only shift the question of reliability from the theorems 
to the axioms, but it cannot supply tlie answer to the 
question. 


In order to prove that virtue is knowledge, that ethical 
judgments are of a cognitive type, we would have to 
prove that the axioms of ethics are of a cognitive nature. 
The applicability of logical deduction to ethical prob- 
lems does not prove anything in this respect. The ques- 
tion of the nature of ethics is thus reduced to the ques- 
tion of the nature of the ethical axioms. 

Once more we have to give the credit for having seen 
the problem of ethics as a problem of ethical axioms to 
Immanuel Kant. He recognized that, as in mathematics, 
the analytic nature of deduction makes it impossible to 
base the validity of ethical rules on deduction alone. He 
insisted that only after the question of the axioms of 
etiiics is answered can the nature of ethics be understood. 
Once more, however, what Kant claims credit for is not 
the question, but his answer to it. It is worth while to 
study this answer, which like Kant’s answer to the prob- 
lem of the axioms of mathematics and physics represents 
the last great position that rationalism has constructed. 

Kant’s answer consists in the thesis that the axioms of 
ethics are synthetic a priori, like those of mathematics 
and physics. In his Critique of Practical Reason, he tries 
to give for the axioms of ethics a derivation similar to the 
one carried through in his Critique of Pure Reason for 
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or in the language of traditional logic employed by 
Kant, not a categorical imperative. The failure of Kant’s 
ethics has therefore the same root as the failure of his 
theory of knowledge: it derives from the erroneous con- 
ception that reason can establish synthetic statements. 

That is a negative answer: it states that ethical axioms 
are not synthetic a-priori statements. There remains the 
task of finding a positive answer; that is, to explicate the 
nature of ethical axioms. I shall not discuss this question 
in the historical part of my investigation but will analyze 
it in Chapter ly. However, I should like to add some 
words about the psychological origin of Kant’s concep- 
tion. 

When we study the psychology of the philosopher 
more closely, we discover that the establishment of the 
moral synthetic a priori satisfies Kant emotionally even 
more deeply than that of the cognitive synthetic a priori. 
The dry and learned style of his presentation is inter- 
rupted in his moral writings by poetical exclamations 
and glorifications of ethical rules and concepts. 


Dutyl Thou great and sublime name, not containing in thy- 
seit any lovable, or ingratiating, quality, but demanding 
neither threatening us with anything that 
U wnrtK r ^ ^ "3tural antipathy— which origin 

noblp ° ■where does one find the roots of thy 

it is the Thou refusest all relations to inclination, and 

to ^ supreme value given by man 


ethics which supplies the key to Kant 

neither J’ action is based on inclination, it 

worthy aim rv ^ inclination turns to 

makes our 'jrt* ^ support of persons in need; wh: 
us act. Whit "lotal is die impulse of duty that mak< 

as act. What a distortion of die natural urge to help otht 
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people! What a twisted morality manifests itself in this 
intellectualization of ethical decisions! Kant was the 
descendant of a middle-class family in poor living condi- 
tions, his father a carpenter, his mother an ardent fol- 
lower of a pietistic secL In a social milieu of this kind, 
self-reliance and free response to natural inclination is 
often regarded as sin; and it looks as though the famous 
son was happy and proud to derive in learned hooks the 
very morality he was imbued with in his nursery. 

The success which his philosophy had in his native 
country and which made him the philosopher of prot- 
estantism and Prussianism is further testimony to the 
fact that it is the ethics of a certain middle class of the 
population which he codihed in his philosophic system. 
The glorification of duty represents the ethics of a social 
class existing in conditions of scarcity and depen mg 
its existence on hard work that leaves no time or 
or it is the ethics of a military caste that requires sub- 
ordination to the command of a superior, ot 
tions were satisfied in the Prussia of Kant. ra 
refused to admit the authority of certain groups or i - 
stitutions shows him of an independent 
indeed, brought him into conflict tvit ter 
government. Had he preached nothing ut e ™ 
of social cooperation, which his categorica 1™? 
expresses, we would regard him as the expon 
democratic society and classify him a ong wi 
and the leaders of the rfe- 

adoration of duty smacks too much of die p ... 
rived from subordination and the satis ac *° . 

from servitude, which are characteristic o a g 
middle class that has been too long a time un 
thority of a strong ruling caste. It t e tra^ y 
philosoplier of the syndietic a prion t lat w 
Vances as the ultimate structure of reason rcsei 
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toundingly the social milieu in which he was imbedded. 
His cognitive a priori coincides with tlie physics of his 
time, his moral a priori, with the ethics of his social class. 
Let this coincidence be a warning to all tliose who claim 
to have found the ultimate trutli. 


Kant seems to have regarded his foundation of ethics 
as an achievement superior to his theory of knowledge, 
in the way that an end is superior to the means. Such a 
conception seems to be characteristic for all adherents of 
an ethico cognitive parallelism. It appears that the search 
for moral directives is the motive of their inquiry, that 
cognitive certainty is aspired to chiefly because it offers 
the means of finding moral certainty. This shift of inter- 
est from the cognitive to the moral field has an unfortu- 
nate effect: the resulting theory of cognition is seen in a 
distorted way, is constructed for the end of providing 
support for an ethical absolutism and therefore does not 


represent an unprejudiced account of knowledge. The 
search for moral directives thus becomes an extralodcal 
motive interfering with the logical analysis of knowledge, 
and It must now be shown to what extent its product, the 
ethico-cognitive parallelism, has influenced cognitive 
philosophic and become a major source of erroneous 
theories of knowledge. 

Since actual man, m general, does not behave morally. 
It seems quite clear that ethics does not deal with the 
actual behavior o£ man. The difference between how 
man should act and how he does act is obvious enough, 
and ethics, therefore, appears to refer to the behavior of 
the ideal man. To account for this distinction, the theo- 
nst of ethics points to the difference between the geo- 
icai nh ' relations holding for actual phys- 

distinguishes the ideal triangle from the 
rnler! '“S'® argues that the mathematician un- 
covers normative laws of geometrical objects in the same 
62 
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depicting their ideal behavior, as geometry informs us 
about the approximate relations between measurements 
of physical space by dealing with ideal spatial figures. 

But that is not what the philosopher of ethics wants. 
He wants moral directives, rules telling us how we 
should behave, not reports on how we do behave. Since 
he claims that reason, or a vision of ideas, can reveal such 
rules, he is compelled to construe, conversely, the func- 
tion of mathematics as normative, not as descriptive. He 
thus arrives at a conception for which mind appears as a 
law giver. In a more modest version, mind is conceived as 
an instrument of vision that perceives the normative 
laws by looking into a higher sphere of existence. "We 
meet here with the psychological origin of the plurality 
^ realms of existence, whose leading exponent is Plato. 
The imperfect geometrical forms of actual physical ob- 
jects are regarded as deficiencies, as imperfections in the 
moral sense, like the shortcomings in the behavior of 
actual humans, and a sphere of higlier reality is intro- 
uce which is free from these imperfections, both on 
the cognitive and on the moral plane. 

e moral evaluation of cognitive relations is visible 
m t e penetration of moral arguments into Greek sci- 
ence, such as astronomy. The celestial paths of the stars, 
or instance, are regarded as perfect circles for reasons of 
prestige, so to speak. That the circumferences of trees 
are imper ect circles shows their inferiority. As a conse- 
^uence o such conceptions the real things are regarded 
^ the ideal things. Plato's theory of ideas ex- 
reali^ valuation from physical to ideal 

introdn ^ similar conception, although it is 

between //. ^ naive arguments. He distinguishes 

them cfilt, appearance (phenomena) and things in 

^selves (noumena). All our knowledge is restricted to 
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things of appearance, because knowledge presents the 
objects of the physical world in the frame of the a priori 
principles. Behind tlie objects of appearance, he argues, 
tliere must be tlie things in themselves, that is, the things 
as tliey are before tlieir incorporation into the principles 
of geometry, causality, and so on. Like Plato, he arrives 
at a transcendental world, different from and superior 
to the world that observation and science unlock to us. 

It is obvious why Kant needs the things in themselves: 
he wishes to construct a realm open to the application of 
his moral and religious principles. Science, through its 
causal determinism, had left no place for freedom of hu- 
man action or for a government by God — so, to Kant, the 
foundations of morality and religion appeared threat- 
ened. A way out seemed possible by restricting science to 
a sort of inferior reality and thus exempting tlie tilings in 
themselves from the determinism of the things of appear- 
ance. The subjective trait of Kant’s synthetic a priori lent 
itself to such an interpretation: if the laws of causality 
and geometry are merely superimposed upon an absolute 
reality by the human mind, tliis reality itself is free and 
unimpeded to follow the moral instead of the causal law. 
It is painful to see how tlie philosopher of Newtonian 
physics busies himself to abandon all his physics in order 
to save his religious morality. Kant admits quite openly 
that this is the intention of his philosophy. In the preface 
to the second edition of his Critique of Pure Reason he 
says: "I had to set limits to knowledge in order to make 
place for faith”. The devastating consequences of this 
program are shoivn in the final turn he gives to his “crit- 
ical philosophy”. The very book which lays the founda- 
tions of his theory of knowledge ends in a chapter, called 
Transcendental Dialectic, which virtually cancels all his 
previous results. Kant pretends to show in tins chapter 
tliat when reason is extended beyond the world of ap- 
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pearance, it leads unavoidably to contradictions, called 
antinomies, and that the only escape from this break 
down of reason consists in a belief in God, freedom, and 
immortality, as principles holding for a reality behind 
the visible world 

Kant s so called antinomies, which essentially concern 
the infinity of space and time, have not stood up to the 
test of logic They are easily solved by a logic that has 
learned to deal consistently with infinite numbers His 
interpretation of causality and geometry as principles 
superimposed upon things by a human mind has turned 
out untenable, too The causal law, if it holds at all, must 
hold for things in themselves, since otherwise it could 
not be used for predictions of future observations 
the human mind does not create its observations, but is 
essentially passive m the act of perception And geom 
etry, as we know today, describes a property of the phys 
ical world (see chap 8) So there is no argument left for 
his artificial restriction of the powers of reason and his 
introduction of a metaphysical reality of things in them 
selves But ever since its publication in his books, this 
antiscientific part of his philosophy has been the source 
from which the enemies of science dreiv their water They 
used It for the construction of philosophical systems 
which belittled scientific thought and pretended to es 
tabhsh a world of ideal existence, knowledge of which 
was accessible to the philosopher, and to him only 
It is thus that rationalism leads to the conception of 
idealism introduced above as a specific version of ra 
tionahsm which maintains that ultimate reality is re 
served to ideas whereas physical objects are but poor 
copies of the ideal ones The conception has found its 
most absurd formulation in the theory that reason is the 
su of all things expressed in the passage quoted 

at the beginning of this book We asked why a philos- 
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opher must phrase his conceptions in this way. We can 
now give the answer: because his primary interest is imt 
an understanding o£ knowledge but something else. He 
wishes to construe knowledge in such a way that it sup 
plies a basis for moral direcuves; he wishes to construct 
For knowledge a certainty which sense P-cepuonjan 
never attain, with tlie intention to ““truct a “ 

such certainty in an absolute ethical knowledge^He does 
not hesitate to develop his system in picture towage 
cause he misunderstands die language of saenufic ex 

^'TheTuthor of the “ify 

(1770-1831) from whose introduction to^^^^^^ 

0/ History the passage is taken. A , 

phUosophy will be in order because Hegel ss^wm^an 

be regarded as differs from Plato and 

should I say, its i,tir admiration of die 

Kant m that he does ^ them, fur- 

mathematical sciences, and he a nrofunditv of 

thermore, in that he does not d^- 

their questions. But he r‘=P'=®“ ^ 3 tem can be 

plays them in such a naive way ,,u_,,id not be. 

studied as a ““^el of wha^^do»phy^^ ^ 

The starung point of P , ^jP evolution of 

not science. He attempts to acco i,„„an history for 
historical man, that is, of the P^”°^f^,^,7“tructiX of 
which we posse, --ten recor^. ^finL. explain histor- 
some simple schemata whicli. eompares history 

leal developments. One such sc P ehildliood, 

with the growth of the individual. Them f 
represented by die early otienta peop djere 

which he identihes with the P”^^ ^ Romans; and 
IS die age of mature man. reabzeO oy “ , ^ for 

diere is^old age. ^P^r/^’^Lrof rgh«rma-rity. 
Hegel, is a period not o£ decay b 8 
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The highest stage of highest maturity was reached with 
the Prussian state, which employed Hegel as a professor 
in Berlin. I do not know what Hegel would have said 
about the Prussia of Hitler; maybe he would have as- 
signed to it a place on the continuation of his line of his- 
torical development, but maybe he would have preferred 
to postpone his judgment until he saw the end of Hitler’s 
empire. 

This primitive schematization, worthy of a freshman 
who sets out to construct his own philosophical system, 
is much less known than another one of his historical 
schemata. Hegel saw that very often historical develop- 
ments move from one extreme to another, like a pendu- 
lum, and then reach a third stage which includes, to a 
certain degree, the results of both preceding stages. For 
instance, political absolutism is sometimes followed by 
a democratic revolution, which in turn develops into a 
centralized government combined with rights of the 
people. He called this schema the dialectical law. The 
first stage is called the thesis; the second, the antithesis; 
and the third, the synthesis. 

There are many illustrations for the dialectical law in 
the history of human thought. The development of as- 
tronomical conceptions of the universe offers an ex- 
ample: Ptolemy’s conception of a geocentric universe, 
that is, a universe the center of which is occupied by the 
earth, was followed by Copernicus' system of a helio- 
centric universe, in which the earth is moving and the 
sun. is the inunovabie center. These two opposite concep- 
tions have been superseded and at the same time "synthe- 
sized” by Einstein’s relativistic conception, according to 
which both the geocentric and the heliocentric concep- 
tions can be made admissible interpretations if they are 
freed from the claim of an absolute motion. Another 
illustration is afforded by the development of the phys- 
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ical theories o£ light, which went bom a particle to a 
wave conception, until finally the two were united in a 
dualistic conception o£ matter as interpretable both as 
particles and as tvaves (see chap. 1 1). The 
Lre o£ empirical method, the metliod o£ trial ^<1 
and a success which is but a new trial, can uho be re 
garded as an unending iteration o£ the diulecticaUaw. 
These illustrations show, £urthermore, that Ae di^ec 
deal law has a pliable meaning: it is no “o^e th^ 
convenient bame in which h^^torical develo^^^ 

ments can be incorporated after ey pnoudi to 
through, but it is neither precise ""°7em 

allow for historical predictions. And 
ployed as an argument for the trut ° ^ 
theory: the thesis that Einstein s of the 

cannot be derived bom the dialec i p 
historical process that led to the constmetmn ^ 
ory, but must be based on independent f j tical 

Had Hegel been content to ^«=>blish the d.dect m 

law and illLtrate it by a copious ““"“t 

and philosophical material, he might ha ^ 

historian, a scientist o£ history. ^ u „mlerep. 

have seen, too. the limitations o£ his uw ® ami would 

the many instances in which it does ”0 anniicability. 
have looked £or die special conditions «£ f “PP'^^^L 

But he was a philosopher and thus beca ggneralbed 

search for generality and for cer j Hpveloped a 

his law of dialectics into a law o immanent in 

system according “^."^ght bom one extreme 

logic and, so to speak, pushes m t movement, 

to the oUier, thus produang the d rose 

Hegel argues, for instance, that 
IS red" is a contradiction, because 

said to be two different dungs, na ^ error in 

Logicians have often explained die primitive 
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this conception which confuses class membership with 
identity: according to the statement, the same thing is a 
member of two different classes, namely, of the class of 
roses and of red things, which is no contradiction. A con- 
tradiction would arise if the two different classes were 
asserted to be identical; but the statement does not mean 
this. By logical manipulations of this kind, Hegel tries to 
establish his law of dialectics as a logical law holding 
without exceptions. 

Combining his explanation of the dialectical law with 
his conception of a progressive evolution of mankind, 
Hegel arrives at such conceptions as presented in the 
passage with which this book was opened. The substance 
of reality is reason; it pushes reality from extreme to ex- 
treme, uniting the extremes on a higher plane, and then 
beginning the process anew. That is picture language; 
but what Hegel says cannot be said otherwise, else its 
absurdity would become too obvious. If we interpret his 
conception as meaning that the world becomes more and 
more reasonable, or that all happenings serve a rea- 
sonable purpose, the falsehood of such a statement is 
evident. Human history, although it includes lines of 
intellectual and moral progress, is too complex a phe- 
nomenon to be classified in so simple terms; and who 
would contend that the development of the physical 
world, say, of the stellar systems, follows outlines satisfy- 
ing the desires of human reason or fulfilling what hu- 
mans might regard as a purpose? Hegel’s system depends 
for its appeal on its odd language. 

In Hegel, the search for moral directives has assumed 
the form of a projection of moral ends into history; the 
good will finally become reality, and we must aspire to 
the good because we take part in the process of history. 
In a less sophisticated language this means that state- 
ments about what will happen are derived from state- 
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ments about tvhat should happen. The man in the stteet 
calls it wishful thinking; the philosopher speaks of toe 
teleological interpretation of history. There is no point 
in attempting to give a logical analysis of such a philos- 
ophy; it is interesting only from a psycholo^cal point of 
view, as a documentation of what happens if rationalism 
is no longer controUed by logic. It represents an instance 
where tlie philosopher believes that if reason can du- 
cover laws of the universe, reason can also give aws to 

universe. . , . 

I doubt whether Hegel would have acquired his pres- 
ent fame had he not found support “"““I" 
in the economic materialism of Karl Maix 
The application of Hegel’s dialectical 
framework of a political movement ma e § 
trine the center of heated controversy; 
cussed, both by its exponents and , £„nda- 

the light of Hegel’s philosophy. And ^is bin^^ 

mentals, Marx is the greatest opponent of 
he refuses to share Hegel’s printitwe belief m^e ^ower 

of reason. The man who Xd 

ments as results of economic conditions 
class struggle as the step toward 

idealist. Marx’s historical by 

pmcism, not only because he was s o ^ Hegel’s 

British empiricists like Ricardo, but a s , i,is 

dialectical law can be consistently • I \Ve 

sociology only if it is conceived as ,0. 

would have a much clearer pictur _.,o,Tnized diis 

ciological empiricism had Marx himself recognizeu 

^Ve must look for 

wish to understand why Marx ended his eco- 

clearly from Hegel’s economic determin- 

nomic interpretation or history tw 
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ism, and perhaps he needed the ties to an idealistic 
philosophy as a support for this doctrine, according to 
which historical developments are strictly determined by 
economic laws, in the same way that the course of the 
planets is determined by physical laws. But economic 
conditions are merely a contributing factor to historical 
developments; human psychology is another factor, and 
even both together cannot supply more than statistical 
laws for the evolution of human society. In regarding a 
contributing factor as the exclusive cause, Marx has 
abandoned the principles of empiricism. Only the ration- 
alist and apriorist can overlook the merely statistical 
nature of sociological laws; the empiricist knows that the 
chance element can never be completely eliminated from 
historical occurrences and that it excludes a strict pre- 
dictability even of major historical trends. The fanatical 
belief of the Marxists in die economic predictions of their 
master, which reminds one of a creed rather than of a 
scientific approach, is a revival of Hegelianism, of a 
philosophy which sets a priori intuitions above empirical 
evidence. 

Hegel has been called the successor of Kant; that is a 
serious misunderstanding of Kant and an unjustified ele- 
vation of Hegel. Kant's system, though proved untenable 
by later developments, was the attempt of a great mind 
to establish rationalism on a scientific basis. Hegel’s sys- 
tem is the poor construction of a fanatic who has seen one 
empirical truth and attempts to make it a logical law 
within the most unscientific of all logics. Whereas Kant's 
system marks the peak of the historical line of rational- 
ism, Hegel’s system belongs in the period of decay of 
speculative philosophy which characterizes the nine- 
teenth century. I shall speak later about this period. One 
remark only may be made in advance: more than any 
other philosophy, Hegel’s system has contributed to the 
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division between scientists and philosophers. It has made 
philosophy an object o£ derision from which tlie scienust 
wishes to keep his course clear. 

The gap between science and philosophy will now ap- 
pear understandable. The rauonalist philosopher is 
scientiHc £rom the very roots o£ his mind. The ° 
his thought is determined by extralogical motives which 
employ scientific results and metliods 
the attainment o£ nonscientific aims. We should not be 
deceived by the admiration and glorificanon o£ 
matics o£ten exhibited by tlie prophets o£ ^ “ 
philosophy. Matliematics is for tliem but an tration 
of Uieir dLtrines, a mirror of their oivn *ey do 

not know what knowledge, including ‘ 

knowledge, means to a man who studies knowledge 

“"rheSu no compromise between ^ 

tive philosophy. Let us not attempt to re . , ^ 

in the hope for a higher synthesis. No taU hiuorical de^ 

velopments follow the dialectical . . ^ 

springs from different roots n soecies, 

that survives only in fossil form once ' 

better equipped. i Kant^has found only 

after its climax m the system o ^ different 

mediocre representatives and is .a- in to science 

philosophy is in the ascendant. * jj^ns whicli 

and has answered a great «£ j 3hall 

were raised in the philosophy o P , r pj.g. 

discuss the historical roots of this philosophy before pr 

senting its ans-vvers. 
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The Empiricist Approach 
Success and Failure 

^ — ■ ^HE DISCUSSION oE philosophical systems in the 
H preceding chapters is not meant to supply an 

H exhaustive picture o£ philosophy. Tlie phi- 

-M. losophers thus far referred to, are selected 
from a certain point o£ view; they exhibit a specific type 
oE philosophy and must not be considered as representing 
philosophy as a whole. Their philosophy is characterized 
by the conception that there exists a special domain of 
knowledge, philosophical knowledge, which tlie human 
mind acquires through the use of a particular capacity, 
called reason, or intuition, or vision of ideas. The systems 
of these philosophers are the alleged products of this 
capacity; they are believed to supply a sort of knowledge 
which the scientist cannot attain, a superscientific knowl- 
edge inaccessible to the methods of sense observation and 
generalization by which tlie sciences are constructed. 
Tliis kind of philosophy was here denoted by the name of 
rationalism. For the rationalist, apart from a few excep- 
tions like Hegel, mathematics represents the ideal form 
of knowledge; it supplies the pattern after which philo- 
sophical knowledge is modeled. 

From the time of the Greeks, however, there has ex- 
isted a second type of philosophy which is essentially dif- 
ferent from the first. The philosophers of the second 
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type regard empirical science, and not mathematics, ^ 
the ideal form oE knowledge: they insist that sense ob- 
servation is the primary source and the ultimate judge 
o£ knowledge, and that it is self-deception “ 
human mind to have a direct access to any trufo 

other than that of empty logical relauons. This type 

The°"elhidMtefo^^^^^^^ radically from that of 

ra^rCempiricis^ 

to discover a new kind of know e ^e i -Uje^vational 
scientist: he merely studies and ““ fos to 

knowledge, be it scientific or commonplace. 

understand its meaning and Its imp la constructed is 

mind if the theory o£ ‘^TA.S'bu^he re®X it as 
called philosophical knowledge. ..nnioved by the 
constructed bf the same X^produa o£ a 

scientist and refuses to interpr 
specihc philosophical capacity- 

Not always has the ^“Xhe dlhomtion of the thesis 
stated as we can state it “ow. th ^ historical 

of empiricism is in itself the pro not uossess tlie 

develoXent. The older empiricists d-d "“t^posse^ 

clear conception of ciiiP'r“XXcerby rationalist sys- 
day, and were frequently inhu Y , parts 

terns. Furthermore, their philosop ly ■j.jgaj science, 

which we regard today as '^cfonpng^i 
such as theories of the origin svstems of the 

nature of matter. Of this in fol pi“socratic 

Greek empiricists, whom we ta prom- 

and later periods of Greek P'“1“°P Z'cInteXorary of 
inent among them - Xt to con^efve of the 

Socrates, who is regarded ^ u hence has a place 

idea that nature consists o£ . history o£ philos- 

in the history of science as we l “ “XS t assumes 
ophy. His cosmogony is outstanding necau 
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an evolution through the combination ol atoms into 
complicated structures. Originally, there were only in- 
dividual atoms traveling in all directions through space; 
through chance collisions, vortices developed which 
eventually led to the formation of bodies of all kinds and 
shapes. These ideas were taken up, some one hundred 
years later, by Epicurus, whose system was transmitted, 
in Roman times, to later generations, through Lucretius’ 
famous poem De Rerum Natura. Epicurus gave a some- 
what different version of the movement of the atoms in 
assuming that the atoms were originally all falling down 
along parallel lines for an infinite time, until by chance 
some atoms deviated from their paths and collided with 
others. This chance event started evolution. 

Among later Greek philosophers, the skeptics may be 
regarded as representatives of empiricism. If they ques- 
tioned the possibility of knowledge, it was because the 
Greeks identified knowledge with absolutely certain 
knowledge. Carneades (second century b.c.) recognized 
that deduction cannot supply such knowledge because it 
merely derives conclusions from given premises and can- 
not establish the truth of the axioms. He saw, moreover, 
that for the purpose of an orientation in everyday life 
absolute knowledge is unnecessary and that well-estab- 
lished opinion suffices as a basis for actions. From this 
point of view he developed a theory of probability which 
distinguished three kinds of probability, or degrees of 
certainty. With his defense of opinion and probability 
Carneades laid the foundations of the empiricist position 
in an intellectual environment where mathematical cer- 
tainty was regarded the only permissible form of knowl- 
edge. Developed in constant clash with the prevalent 
rationalist doctrines, the conceptions of these early em- 
piricists were predominantly skeptical; they exhibit the 
healthy but albeit negative trait of an attack against ra- 
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tionalism and do not go tar in die construction of a 

centuries; some three hundred years after Carneades 
Sextus Empiricus (about .50 a d.) mote * 

skeptical doctrines, ivhich author duel 

predecessors and leaves no ^ nurnosive action 

not want to question the possibility o p P ^ 

based on intormadon derived P f empirical 

is also a leading representadve of ^lool^of empmc^l 

physicians, ’"'^o ^abic philosophers 

cine from speculauve • famous for his work 

indude empiricists sudi as Alhai • philos- 

in physiological opdcs Dunng Ae _ 

?o^oI.rthrhat ^oi^ch room em^ 

like^er Bacon, Peter Aureoln and Wdlmm o^O 
who courageously attempted tlieolodcal modes 

posidon, are too deeply ‘"rmpfScists of an 

of thought to be comparable i intended to 

earlier Ir a later time. Th« remark f^ct. 

belitde the ^;8"‘,^“eviatio^o£ a man's views 

if merit is measured by “'v “ . , t gnipiricism 

from environmental opiniom, en^ 
deserves the admiration o£ all npriods. 

piricists in more r^tioLlism and theol- 

The close ^ religious doctrines are not 

ogy is understandable. Since ^ extrasensory 

based on sense perception, m .1 pretends to 

source of knowledge The P f 

have found a knowledge of dus yp Greek rational- 

the theologian. The systems o 1 o Ghristian theo- 
ists Plato and Aristode were of Chris- 

logians for die construcoon of a pJidos^P 

tianity; Plato became tlie philosop 
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minded groups, Aristotle that of scholasticism. The rela- 
tion to tlieology has at all times made the rationalist feel 
himself superior to tlie empiricist in a moral sense. Tlic 
antagonism between tlie two groups, tliough felt on one 
side as strongly as on the otlier, is not of a symmetrical 
form; whereas the rationalist regards the empiricist as 
morally inferior, tlie empiricist regards the rationalist as 
devoid of common sense. 

It was with the rise of modem science, about the year 
1600, diat empiricism began to assume the fonn of a posi- 
tive and well-founded philosophical theory which could 
enter into successful competition ^vith rationalism. The 
modern period has given us the great empiricist systems 
of Francis Bacon (1561-1626), John Locke (1632-1704). 
and David Hume (1711—1776). The positions of these 
British empiricists must now be compared widi rational- 
ism. 

The thesis of empiricism found its clear elaboration in 
the philosophies of these men. The conception that per- 
ception IS the source and tlie ultimate test of knowl- 
edge is the eventual result of their work. The mind, says 
Locke, begins as a blank page; it is experience that writes 
on this paper. Nothing is in die mind that was not pre- 
viously in the senses. There are, however, two kinds of 
sense perception: perception of external and of internal 
objects. The latter kind of object is given by psycholog- 
ical occurrences, like thinking, believing, the feeling of 
pain, or the sensation of color, which we observe through 
an internal sense. Hume divides the contents of the mind 
into impressions and ideas; the impressions are supplied 
by the senses, including the internal sense, and the ideas 
are recollections of previous impressions. Only in their 
combination can ideas diflEer from observed phenomena. 
For instance, the observed impressions of gold and of a 
mountain can be put together to form the unobserved, 
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but ima>nnable, combinauon o£ a golden mountain. In 
contrast°to rationalism, empiricism thus reduces Ae 
mind to the subordinate role o£ establishing an order be- 
tween impressions and ideas; the ordered system is what 

we call knowledge. , 

The function of the mind in the construction of 
knowledge may be illustrated by some examples which 
could h^ve been used by Bacon, Locke, or Hume. 
Amon<T the various experiences of a day, the ^d pu^ 
out the brightness of Bre as seen by the eyes and assoaato 
it with the feeling of heat perceived when we me close to 
a fire, thus arriving at the physical law that ^ 

Similarly, the mind discovers the laws of the mon^ ^ 
the stars by comparing the various picmres we 
looking at the night sky at different 
connecting the various positions of ^ j/jj-eifis not 
lines, the mind plots the star's path, which in itself is not 

this conception of knowledge, I meM to say 

not regmded as the judge of truth. To 

may appem as the most worthy form or „„ular is 

sJ; bL whether this motion 

judged by ^^^^“othenvise I do 

matter consists o£ small particles, b ^vhether 

not see how matter cm be impressible 
atomism is Jthe question, 

^tance percepuon /observable: but it an- 

because atoms are too small to . ^ ^5 .^.qth a set 

swers the question indirectly by s PP ,gj_jetation 
of observable facts that make the “ it ob- 

unasoidable. The latter co’nstii°” of 

vious that the function of mmd i another 

knowledge cannot be -“^/"^‘^t’for the or- 
sense: reason is an indispensable instr 
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ganization of knowledge, without which facts of a more 
abstract kind could not be known. The senses do not 
show me that the planets move in ellipses around the 
sun, or that matter consists of atoms; it is sense observa- 
tion in combination with reasoning that leads to such 
abstract truths. 

Bacon saw very clearly the indispensability of reason 
for an empiricist conception of knowledge. In a discus- 
sion of philosophical systems he compares the rational- 
ists with spiders that make cobwebs out of their own 
substance, the older empiricists with ants that collect 
material without being able to find an order in it; the 
new empiricists, he claims, are like the bees that gather 
material and digest it, adding to it from their own sub- 
stance and thus creating a product of a higher quality. 
That is a great program stated in a witty form. Let us see 
how far the empiricism of the seventeenth and eight- 
eenth century has lived up to it. 

What is the addition that reason makes to observa- 
tional knowledge? We said it is the introduction of ab- 
stract relations of order. However, abstract relations in 
themselves would not be so interesting if they did not 
include statements of new concreta. If the abstract rela- 
tions are general truths, they hold not only for the ob- 
servations made, but also for observations not yet made; 
they include not only an account of past experiences, but 
also predictions of future experiences. That is the addi- 
tion which reason makes to knowledge. Observation in- 
forms us about the past and the present; reason foretells 
the future. 

Let me illustrate the predictive nature of abstract laws 
by some examples. The law that fire is hot goes beyond 
the experiences on which this law was established and 
which belong to the past; it predicts that whenever we 
shall see a fire it will be hot. The laws of the motion of 
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the stars permU us to predict future positions of the stars 
and include predictions of observations like eclipses of 
the sun and tire moon. The atomic theory of matter has 
led to chemical predictions, verified m Ae construction 
of new cliemical substances: in fact, all industrial appli- 
cations of science are based on the predictive nature of 
scientific laws, since they employ 

prints for the construction of devices that function ac- 
cording to a preconceived plan. Bacon had a clear insig i 
into the predictive nature of knowledge when he coined 
hU famous maxim: knowledge « power. 

How can reason predict the 
reason alone does not have “V “P^he ' e- 

gains it only in combination wit o serva . . j 

dictive meAods of reason are contained m the logicM 

operations by means of which we cons ^ 
the observational material and derive 

arrive at predictions through Termore that f 

cal derivation. Bacon recognised, fncth™. that^*t 

logical derivation is to serve pre ‘Ctive p include 

not be restricted to deducUve logic, it must mci 

methods of an inductive j^^giopment of mod- 

This distinction, on which the by a con- 

etn empiricism hinges, may be m j ^Ic example: 

sideratiL of the syllogism. Consider *e cla«ic^e^^^ 

“All men are mortal, Socratra ’ conclusion is 

rates is mortal”. As explained a P ' , not add 

analytically implied p„c of their 

anything to them. It mcceiy nf 

content explicit. Such empti 

deductive inference and f Jcimion. Consider, 

pay for tlie necessary trudi of observed were 

m contrast, the inference aU cto black.” The 

black, therefore all crows >" premise: it refers to 

conclusion is not contained m P 
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crows not yet observed and extends to them a property 
o£ the observed crows. Consequently, the truth of the 
conclusion cannot be guaranteed; it is possible that some 
day we might discover in a remote wilderness a bird that 
possesses all properties of a crow except for the black 
color. In spite of this possibility we are willing to make 
this kind of inference, especially when more important 
things than crows are concerned. We need it if we want 
to establish a general truth, which includes a reference 
to unobserved things, and because ^ve need it, we are 
willing to take the risk of an error. An inference of this 
kind is called inductive inference, or more specifically, 
an inference of induction by enumeration. 

It is Bacon’s historical merit to have emphasized the 
importance of inductive inference for empirical science. 
He recognized the limitations of deductive inference 
and insisted that deductive logic cannot supply tlie 
methods that lead from observed facts to general truths 
and thus to predictions of further observations. A de* 
ductive inference can be predictive only if the premises 
include a reference to the future. For instance, because 
the premise “all men are mortal” includes a reference to 
human beings who, like us, have not yet died, it permits 
of a deductive derivation of the conclusion that some 
day we shall die, too. But such a premise must have been 
constructed by means of some inductive inference. De- 
ductive logic, therefore, cannot establish a theory of 
prediction and must be supplemented by an inductive 
logic. The deductive logic which Bacon knew, and which 
was to remain the only deductive logic for some further 
centuries, was that of Aristotle; it had been transmitted 
to the learned world of the Middle Ages in a collection 
of wriungs carrying the name of Organon. Opposing his 
inductive logic to Aristotle’s Organon, Bacon published 
it in a book which he called Novum Organum. The book 
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is historically tlie first attempt at an inductive 
therefore occupies, in spite of many deficiencies, a lead- 
in?r dace in %vorld literature. 

In h“ positive attitude to the inductive inference 
Bacon also goes beyond older forms of empiricism. F 

matics, which British empiricism had f 

is its historical funcdon, which makes it tlie pioneer 

modern scientific philosophy. ;nfpTence Bacon 

Forallhis emphasis ont^inductivem 

saw very clearly which classifies the 

nesses, Bacon worked out a me nroDertvi thus 

observed facts with “ ^v gadiering in one table 

he studied tlie nature of , in another 

various phenomena in whic 

table various similar ^j-enomena where heat 

occur, and in a third table n is a strange 

occurs in various degrees, rii , occurrence 

hodgepodge in which „;th the absence of 

of heat in horse dung are co p not forget, 

heat in tlie light of the step toward scien- 

however, tliat classification is position to 

tific investigation and methods of madie- 

construct a theory of the ‘ ^1 physics was only 

matical physics because mat , . ,^,35 a contempo- 

in its beginnings. It is “-X^tlti-matical method 
rary of Bacon and that Oaine cration. But the 

isVuperior to Bacon’s 1 '^ ^ 

method of the mathematica [jeations before it 

first to be developed with all r 
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could be made the object of a philosophical inquiry. It 
was not before Newton’s theory of gravitation, pub- 
lished some sixty years after Bacon’s death, that the use 
of deductive methods in combination with inductive in- 
ferences became apparent. The reproach of having stud- 
ied scientific method in an oversimplified model that 
neglects the contribution of mathematics to physics 
should go, not to Bacon, but to the later empiricists — in 
particular to John Stuart Mill, who, two hundred and 
fifty years after Bacon, developed an inductive logic 
which scarcely mentioned mathematical method and 
was essentially a reformulation of Bacon's ideas. 

Bacon s inductive logic is naive, being founded on 
confidence in a rule which common sense is willing to 
^PP^y- it is one which the scientist cannot dispense 
with, either. A critique of scientific method can hardly 
be expected at a time when such method is in its begin- 
ning and IS buoyed up by the optimism of its first suc- 
cesses. Historians of philosophy who criticize Bacon’s 
inductive logic as unscientific should realize that their 
judgment reflects the standards of a later time. 

In Bacon, empiricism has found its prophet; in Locke, 
m public leader; in Hume, its critic. Locke took over 
Bacon’s theory of empirical knowledge as derived in- 
ductively through generalizations of experiences. He is 
none too clear, though, about the question whether all 
synthetic knowledge is empirical. It seems that he re- 
^rded mathematical knowledge as absolutely certain, 
though s^thetic, and thus distinguished it from empiri- 
cal knowledge. The necessary propositions, according to 
nim, are either “trifling” or “instructive”, a distinction 
m which he presumably anticipates Kant’s distinction 
between analytic and synthetic propositions and which, 
if so interpreted, would make him an adherent of a syn- 
thetic a prion. It is true, there is no clear commitment 
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to a synthetic a priori in Locke’s rvritin^. But his treat- 
ment o£ moral judgments as having the same kind o£ 
truth as mathematical theorems makes him an adherent 
o£ the ethico-cognitive parallelism and leads him to re- 
sults which are scarcely compatible with an analyuc con 

"llTirfcUm"^^^^^^^^ phases, is not always con^st- 
ent. Locke’s empiricism is restricted to tlie ^ 

all concepts, even those o£ mathematics and logic enter 
into our mind through experience; and he is not ready 
to extend it to tlie thesis that all *Vn*etic knowledge 
validated only by experience. In 

uncritical attitude, the inductive inference ™s tak^n 

over by him without criticism and 

instrument o£ aU empirical knowledge That the 

^'wn Hume ivrote liis Inquiry 

Understanding, the ^"theory o£ induction 

one hundred years old. but .vnositions o£ logic 

which Hume found in contempora^ exp 

was still Bacon’s *Xm of induc- 

granted that ^eientiBc infere h^^ explained 

tion by enumeration, ‘‘'^ “^g^erhasstudiedmathe- 

in the example of die crows. \ questionable. 

matical physics knows that U inductive inference, 
that there exist various forms ^nnlies a compli* 

The physics of Newton, for ms ,„jnetive 

cated deductive theory as an ^jns dieory 

validation, and it is by no means simple form 

is ultimately reducible to ^fom will 

called induction by enumeration. But Uiis pro 
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be dealt with later. At this place it may sufTicc to remark 
that modern analysis has shown all forms o£ inductive 
inference to be reducible to induction by enumeration, 
a result which makes it permissible to restrict the dis- 
cussion o£ inductive method to this simplest form, as 
Hume did. 

Hume is superior to Locke in his clear conception o£ 
empiricism. He has overcome the ethico-cognitive paral- 
lelism and sees very clearly that ethical judgments do 
not express truth, but, as he puts it, express sentiments 
of approbation or disapprobation; that “the distinction 
of vice and virtue ... is not perceived by reason”. Be- 
ing free from the error of those who have to introduce a 
synthetic a priori in order to find a basis for morality, he 
is thus able to study knowledge without the preoccupa- 
tion of the moralist. He arrives at the result that all 
knowledge is either analytic or derived from experience: 
mathematics and logic are analytic, all synthetic knowl- 
edge is derived from experience. By “derived” he means 
not only that concepts have their origin in sense percep- 
tion but also that sense perception is the source of die 
validity of all nonanalytic knowledge. The addition to 
knowledge supplied by the mind, therefore, is of an 
empty nature. 

As far as mathematics is concerned, Hume's interpre- 
tation is none too well founded. As he could not know 
the answer which the nineteenth century gave to the 
problem through, the construction of non-EucUdean 
geometries, he had no means to account for the double 
nature of geometry as both dictated by reason and pre- 
dictive of observation. But it seems that he did not see 
this problem very clearly. We may regard it as fortunate 
that here, as in the problem of induction, all forms of 
which he considered reducible to induction by enumera- 
tion, he anticipated later tesulu although he had no 
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good argument for his conceptions. I am not inclined 
to take such coincidence as the token of gemus, but 
would rather call it good luck. And I would see Hume s 
genius e-xhibited, instead, in those results for which he 
could give good grounds, such as his rejection of die 
ethico-cognitive parallelism, and would praise 
the consistency with which he carried out his views 

I, U. . .1 

tion. If all contributions of the mind to knowledge ar 
analytic, diere arise serious difficultly for the use of t 
inductive inference: and it is ^ume s signifiance m t 
history of philosophy to have drawn 
problem, which can be analyzed without 
In analytic or syndietic ’ ,“cs 

The inactive infeynce is not S hn- 

tins fact clear by pointing out that we ^ 

agine the contrary of the inductive co hjark we 

stance, although all crows so far were black. , e 

can at least imagine diat the ne.« 

be white. We would not believe diat it w ■ 

since we adhere to die inductive inference Bu behe^ 
irrelevant if mere possibilities are 
imagine diat die conclusion is fa sc 

pelled to abandon the premise. T p nroves 

conclusion in combinauoii with ^ P ^ lo-ncal nc- 

that the inductive j.aracte/of induction 

ccssity with it. The nonanalytic 

is Hume’s first thesis. . , inrluctivc in* 

How. then, can we justify ;;:H.“‘.ic.ice 

ference? Hume discusses the ' validation of 

be validated by experience. Presumam).^ 

this kind was assumed by Bacon Ic-itimacy of 

ever, never entered into a discussion ° ^ 

induction. ^Ve might argue that we have often e.np > 
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inductive inferences and have had good success; there- 
fore we feel entitled to further application of the infer- 
ence. However, the very formulation of the argument, 
as Hume explains, makes it clear that this justification is 
fallacious. The inference by which we wish to justify in- 
duction is itself an inductive inference: we believe in 
induction because induction has so far been successful — 
that is an inference of the crow type, and we thus move in 
a circle. Induction can be proved to be reliable if we as- 
sume that It is reliable; such reasoning is circular, and 
the argument breaks down. That induction cannot be 
justified by reference to experience, is Hume’s second 
thesis. 


The inductive inference is unjustifiable; that is what 
Hume claims to be the result of his critique. The serious- 
ness of this result must be fully realized. If Hume’s thesis 


IS true, our instrument of prediction breaks down; we 
have no way of anticipating the future. We have so far 
seen that the sun rose every morning and believe that it 
will rise tomorrow, but we have no ground for this be- 
lief. We have seen water run downhill and believe it will 
always run downhill, but we have no proof that it will 
do so tomorrow. What if the rivers start to run uphill to- 
morrow? You think; I shall not be so foolish as to believe 
^at. But why is such belief foolish? Because, you answer, 
I have never seen water run uphill, and because I have 
always had success with such inferences from the past to 
me future. There you are, a prey to the fallacy discovered 
by Hume, you prove induction by the use of an induc- 
tive inference. Over and again we fall into the trap; we 
see tliat induction cannot be justified, then go on making 

we should be fools if we 
uoubtcd the inductive principle. 

That is the dilemma of Uie empiricist: either he is a 
and admits no results other than ana- 
lytic statements or statements derived from experience 
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then he cannot make inductions and must renounce 

any statement about the future: or he admits the induc- 
tive inference — then he has admitted a nonanalytic prim 
ciple not derivable from experience and has abandoned 
empiricism. A radicai empiricism thus arrives at *e con- 
clusion that knowledge of the future is impossible; but 
what is knowledge if it does not include the future? A 
mere report of relations observed in the past cannot be 
called knowledge; if knowledge is to reveal 
relations of physical objects, it must include rehab e 
predictions. A radical empiricism, therefore, denies tl 
possibility of knowledge. • j c u.. 

The classical period of empiricism, tlie penod of B - 
con, Locke, and Hume, ends with the 
piricism; for that is what Hume’s analysis of jnduction 
amounts to. Hume’s critique leads from j. 

agnosticism; witli respect to the future, ‘t ^ “ P “ 
iSophy of ignorance which teach« diat all I 
I do not know anytliing about the future 
mire the acuity of the intellect ‘"d “ 

witli die trust in empiricism, does ”°t re ahiioueh 

ing this annihilating conclusion, i j ^ u’, himself a 
nLe states his result rather frankly and 
skeptic, he is not willing to admit t e trag ,j. ^ 

elusion. He attempts to palliate result by « tii= 
inductive belief a habit; and in rea i „ , ^ 

the impression that this turn wtis le ' , jon of the 
sufficed him to have a P’V^*® but a British 

inductive be^f. Hume « a ra^ca^. ^ 

Tory: the radicalism of his thus are 

a radicalism of his volitional = “ ^dio dismisses 

shown die strange aspect of a p P _ adsanced 

with a friendly smile die dccisiv e c g 

against die philosophy of '"'Pf shall not deny 

We cannot share Hume s qui • 
that induction is a habit: of course, it is. But 
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know whether it is a good habit or a bad one. We admit 
it is difficult to overcome this habit; in fact, who would 
be able to behave, say, on tlie assumption that from to- 
morrow all the water will flow uphill? But even if our 
conditioning to the habit of induction is so strong tliat 
we cannot help being addicts of induction, like dope ad- 
dicts, at least we want to know whether we should try to 
get away from it. The logical problem of induction is 
independent of the question rvhether induction is a 
habit, and whether we can overcome the habit. The phi* 
losopher of empiricism wants to know whether or in 
what sense experience can supply knowledge of the fu- 
ture; if he cannot answer this question, he should admit 
frankly that empiricism is a failure. 

When we turn to a comparison of empiricism with ra- 
tionalism, we arrive at a strange sort of balance. The 
rationalist cannot solve the problem of empirical knowl- 
edge because he construes such knowledge after the pat- 
tern of mathematics, and thus makes reason the legislator 
of the physical world. The empiricist cannot solve the 
problem either; his attempt to establish empirical knowl- 
edge in its own right as derived from sense perception 
alone breaks down because empirical knowledge presup- 
poses a nonanalytic method, the method of induction, 
which cannot be regarded as a product of experience. 
The empiricist does not repeat the mistakes of the 
rationalist; he does not use picture language, he does not 
aspire to absolute certainty, he does not try to model 
cognitive knowledge so as to attain a basis of moral direc- 
tives. But in restricting the power of reason to the 
establishment of analytic principles he runs into a new 
difficulty: he cannot account for the method by which 
empirical knowledge proceeds from the past to the fu- 
ture, that IS, he cannot explain the predictive nature of 
knowledge. 
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The conclusion offers itself that there must be some 
fundamental mistake in empiricism. ^Ite ijationahs 
committed the mistake of regarding mathema ca 

Ir^fo^mak^reCr 
Ta^d l^is mtiVS “gTat 

is derived from sense 

forre’^hse"^ 

however, is restricted to the past ^ xiie 

edge o£ the future is not o t le ° . j arising from 

older empiricists did not see can 

this distinction; because prcd>«‘on '“Regarded 

be verified or falsified at a “ , jype as 

knowledge of the future ^ 

observational knowledge. predicted events 

know the truth of ^^“/‘^hXome obscrv.a. 

occur, and that when knowledge becom 

tional knowledge it no 1 g I U 

tore. Hume saw the i.ppUcitly de- 

give up a conception of k 1 

mands that knowledge o concluded that 

same type , science arc unjustifiable and 

the predictive metliods o , „[ ti,c future, 

that we cannot have “"V "°j „pirici 5 ui has recognized 

die mistake. Since statcin 

justifiable if they are regat • „gjcut. "c infer th.n 
as staiemcius about the pas iriscii a dilfcrcm in 

suucments about the .pust he consirued 

terprciation: knowledge , m^ictl.rc of the p.rst. W nh 
as essentially different from ki .o ^ assuming 

this turn '1“““°." “ f ii,c (uiurc .as being gneii and 
the nature of knowlcdi,c 
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then asking how we can have a knowledge of tlie future, 
we ask what must be the nature of knowledge of tlie 
future if statements about tlie future are to be justifiable. 

To make this reversal of die question was beyond die 
possibilities of Hume. His cridcism of induction is an 
achievement great enough to insure him a leading posi- 
don in the history of philosophy. I said above that philo- 
sophical progress must be sought not in the answers but 
in the questions that were asked by the philosophers; diis 
maxim applies to Hume, too. To Hume goes the credit 
of having raised die question of the justification of in- 
duction and of having pointed out die dilliculties of its 
soludon. His answer is of no use to us. 


Strangely enough, this judgment on British empiricism 
arrives at a criticism which corresponds to an objection 
raued above against rationalism. In spite of its intrinsic 
difference from rationalism, British empiricism has re- 
peated one of the fundamental rationalist mistakes: to 
otamine knowledge not widi the detachment of die dis- 
interested observer, but widi the intention of proving a 
preconceived aim; to study the nature of knowledge from 
a picture modeled for the purpose of finding in it die 
structure which the philosopher wishes to find. The 
rationalist construes empirical science as a system the 
fundamentals of which must have die reliability of 
mathematics; the empiricist replaces mathematical reli- 
ability by observational reliability, but demands that 

r 'he same kind of 

re lability as sentences about the past. The rationalist 
us arrives at the problem why nature must follow rea- 
son the empiricist is confronted by the question of how 
to tonsfer the reliability of observations to predictions. 

rhe way out of the dilemma could not be found by the 
philosophy of the eighteenth century. The reversal of the 
question into a question of the nature of predictive 
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knowledge could not be nndertaken before die founda- 
tions of science had gone through some fundamental 
changes. The science of the eighteenth century w^ pr^ 
pelled by uncritical confidence in its success: it had to 
experience die limits of its methods before it could be- 
come self-critical and ask for the meamng 5“"'^ 
This development began with the nineteenth centu^ 
iid is sdll going on in our day. It did not grow out of 

"hUosophyi'die'scientist has never cared v^y much for 
the philosopher’s interpreution, and even David Humes 
critkism left him unconcerned. f the 

ophy has turned out to be a wholesome 
scieList. though perhaps only as a Sood 

Success is often widi diose who act na- 

about what they should do. The exfdanauon of dm n ^ 

ture of knowledge could not be gi conception 

of die science of die eighmendi centuij, the 
of the nature of mathematics, die c P jlieory of 
ture of causality, had to be revised “ Sme 

knowledge could be developed that accou , t- 

dme for the power of deductive “mhods m ma^m 

ical physics and for the use ?f ‘ ^ ‘"hen, diat he did not 
was the good luck of the scient . > ods be- 

turn to the question of a jusuficauon of his meu 
fore he had the means to answer it. given in 

It will appear plausible d>m of 

die frame of a theory of pro y> h ggted. 

this theory is very different from wtatm.„^^^.^_ 

To say diat observations of ^ P ^ot the ultimate an- 
predictions are merely proba . ^ ,, 1 - 

swer to the question of induct • unless a theory 

termediate answer, whicli is inco p , ^ should 
of probability is developed ,,nd ne can .assert 

meL by “probable” and on °;::::l.:'has e repeat- 

probabilities. Empiricists, inclu g 
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edly studied tiie nature of probability; but tlicy came to 
the result that probability is of a subjective nature and 
applies to opinion, or belief, whicli tlicy distinguished 
from knowledge. The idea that there can be sucli a tiling 
as probable knowledge would have appeared to them as 
a contradiction. In his contention that the inductive in- 
ference is no legitimate instrument of knowledge, Hume 
reveals himself as still being under the influence of ra- 
tionalism; like the ancient skeptics, he can only prove 
the rationalist ideal of knowledge to be unattainable, but 
he cannot replace it by a better conception of knowledge. 
Hume might have been led to the discovery of an objec- 
tive meaning of probability, had he studied the mathe- 
matics of probability, which at his time already included 
the work of Pascal, Fermat, and Jacob Bernoulli; that he 
never referred to this work shows that he was not mathe- 
matically minded and was not the man to exploit the 
mathematical theory of probability for philosophical 
purposes. 

Though the logical analysis of probability is a neces- 
sary prerequisite for the clarification of predictive knowl- 
edge, a more radical cljangc of pliilosophic interpreta- 
tion is indispensable before the ultimate answer to tlie 
puzzles of empiricism can be given. \Ve know today that 
predictive knowledge even cannot be proved to be prob- 
able, and that the idea of probable knowledge is subject 
to a criticism similar to the one raised by Hume for a 
knowledge that claims certainty. The problem of pre- 
dictive knowledge, therefore, requires a reinterpretation 
ot the nature of knowledge. It ^vas not possible to develop 
this new conception of knowledge within Newtonian 
physics. The solution of the problem of induction had to 
wait for the new interpretation of knowledge which grew 
from the physics of the twentieth century. 
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Aspect 
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existence of irrational numbers, that is, numbers that 
cannot be written as the quotient of two integers. Their 
greatest contribution to mathematics is the axiomatic 
construction of geometry given by Euclid, one of the 
mathematicians of Greek descent who about 300 b.c. 
made Alexandria a center of Greek civilization. Euclid’s 
system has always been regarded as an overwhelming 
demonstration of the power of deductive reasoning. 

Greek success in the empirical sciences was limited to 
those sciences that admitted of the use of mathematical 


methods. Greek astronomy found its great synopsis in 
the system of Ptolemy, an Alexandrian of the second cen- 
tury of the Christian era. Making use of earlier results of 
astronomical observation and geometrical reasoning, 
Ptolemy proved that the earth is spherically shaped. 
However, he regarded it as certain that the earth did not 


move, but that the heavenly vault moved around it, 
carrying with it the stars and the sun and the moon. 
There were also movements along this vault; the sun 
and the moon were not fixed to a definite position among 
the stars but moved on circular paths of their own. The 
planets described curves of a strange shape, which Ptol- 
emy recognized as being the result of two circular motions 
performed at the same time, like the path of a man sitting 
in a merry go-round that is set up eccentrically on a 
arger round, Ptolemy’s astronomical system, 

also called the geocentric system, is still used today to 
answer all those astronomical questions which refer 
merely to the aspect of the stars as seen from the earth, in 
particular, questions of navigation. This practical ap- 

f was a large measure of truth 

in Ptolemy s system. 

nn “nception that the sun was at rest and the earth 
the it was not unknown to 

ce . ristarchus of Samos proposed this helio- 
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centric system about 200 b.c., but could not convince his 
contemporaries of its truth. The Greek astronomers 
could not follow Aristarchus because of the imperfect 
state of the science of mechanics in tlieir time. For in- 
stance, Ptolemy argued against Aristarchus that tlie earth 
must be motionless because othenvise a stone fmling 
down would not fall in a vertical line, and because birds 
in the air would remain behind the moving earth and 
come down on a different part of the eartli’s surface. 

An experiment showing Ptolemy’s argument to be fal- 
lacious was not made before the seventeenth centuipr. 
The French abbe Gassendi, a contemporary and philo- 
sophic adversary of Descartes, made a test on a moving 
ship: he let a stone fall from the top of the m^t and mw 
that it arrived exacUy at the foot of the mast. If 
mechanics had been true, the stone should have 
behind the motion of the ship and should have reaehrf 
the deck on a point farther toward the rear of t^ 
ship. Gassendi thus confirmed Galileo’s law, tht^^ered 
shortly before, according to which the falling stone ^r 
ries in itself the motion of the ship and reums it while 

Why did Ptolemy not make Gassendi’s 
Because the idea of the scientific ^ ^ „ ,^3, 

guished from mere measurement an ° Question 

not familiar to the Greeks. An “P"”?;" “ a.e 
addressed to nature: by the use of 

scientist initiates a physical occurrence nucstion. 

which supplies tlie answer "yes or no occurrences 
As long as we depend on obse-tion^of o^ 
not involving our assistance, tm> u rnnnot 

are usually the product of so many 

determine tlie contribution of eacJ Cenlatcs the 

the toml result. The scientific 

factors from each otlier: tl.e interference of man creat 
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conditions in which one factor is shown at work undis- 
turbed by the others, thus revealing the mechanism of 
the complex occurrences that happen without man’s in- 
terference. The falling of a leaf from a tree, for instance, 
is a complex occurrence in which the gravitational force 
competes with aerodynamic forces resulting from the 
flow of air under the sliding leaf, which moves down in a 
zigzag course. If, on the one hand, we exclude the air by 
letting the leaf fall in an evacuated space, we see that with 
respect to gravitation, its fall is the same as that of a stone. 
If, on the other hand, a current of air is blown through a 
wind tunnel against a fixed surface, it reveals the laws of 
the flow of air. By means of the artificial occurrences of 
planned experiments, the complex occurrence of nature 
is thus analyzed into its components. That is why the ex- 
periment has become the instrument of modern science. 
That Greek science did not use experiments in any sig- 
nificant way proves how difficult it was to turn from rea- 
soning to empirical science. 

Wc date modern science from the time of Copernicus 
(1472-1543) and Galileo (1564-1641). With the estab- 
lishment of the heliocentric system, Copernicus laid the 
foundation of modern astronomy and, at the same time, 
gave the decisive turn to modern scientific thought, 
emancipating it from the anthropomorphisms of earlier 
periods. Galileo gave to modern science the quantitative 
experimental method. The experiments in which he es- 
tablished his law of falling bodies have determined the 
pattern of a method that combines the experiment with 
measurement and mathematical formulation. With Gali- 
leo, a generation of scientists went over to the use of 
experiments for scientific purposes. Yet this general turn 
toward experimental method can scarcely be regarded as 
the effect of one man's work. It is better explained as the 
result of a change in social conditions which freed the 
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minds o£ the scientists from preoccupation with Greek 
science in the form of scholasticism and led naturally to 
an empirical science. , . 

The birth of experimental science tras attended by a 
wave of energy and interest that spread all over Europe. 
The telescope, invented by a Dutch lens grinder, was 
first directed at the heavens by Galileo in Italy. Auotlier 
Italian, Toricelli, pupil of Galileo, invented tire barom- 
eter and demonstrated tliat air exerts a pressure which 
diminishes as tlie altitude increases. In Germany, Gue- 
ricke invented the air pump and exhibited to a startled 
public tlie power of atmospheric pressure by putting two 
hemispheres together which, after being ex lauste o 
the air, could not be pulled apart by teams ^ 

English also were prominent m the new , 

Gilbert, physician to Queen Elizabeth, Performed ^ 
published extensive studies of magnetisni, Istab- 

Lered tlie circulauon of tlie blood: ^le estab^ 

lished the law of gas pressures and volumes Uiat bea 
name. Thus did observation and experiment create 
whole new world of scientific facts and aws. , i ^ 
This brief selection of events introducing the toelop 
ment of modern science illustrates t le jjjg 

modem age has produced empiricist syste Greeks 

in innuen^e to tlm great rationalist 
The rationalism of the . Rriush em- 

mathematical research Experimental 

piricism mirrors tlie triumph addresses 

method in modern science, die 
questions to nature and leaves it to nature 

°'bu° there is anodier development 
nation, and that is the revival a in which 

continental Europe during the Y iQ^.j-jncs 

Uritish philosoplicrs ivcrc formulating i 
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conditions in which one factor is sliown at work undis- 
turbed by the others, tlius revealing the mechanism of 
the complex occurrences that happen wiiliout man s in* 
terference. The falling of a leaf from a tree, for instance, 
is a complex occurrence in which the gravitational force 
competes with aerodynamic forces resulting from the 
flow of air under the sliding leaf, which moves down in a 
zigzag course. If, on the one hand, we exclude the air by 
letting the leaf fall in an evacuated space, we see that with 
respect to gravitation, its fall is the same as that of a stone. 
If, on the other hand, a current of air is blown through a 
wind tunnel against a fixed surface, it reveals the laws of 
the flow of air. By means of the artificial occurrences of 
planned experiments, tlie complex occurrence of nature 
is thus analyzed into its components. That is why the ex- 
periment has become the instrument of modern science. 
That Greek science did not use experiments in any sig- 
nificant way proves how difficult it was to turn from rea- 
soning to empirical science. 

We date modern science from the time of Copernicus 
(1472-1543) and Galileo (15O4-1641). With the estab- 
lishment of the heliocentric system, Copernicus laid the 
foundation of modern astronomy and, at the same time, 
gave the decisive turn to modern scientific thought, 
emancipating it from the anthropomorphisms of earlier 
periods. Galileo gave to modern science the quantitative 
experimental method. The experiments in which he es- 
tablished his law of falling bodies have determined the 
pattern of a method that combines the experiment with 
measurement and mathematical formulation. With Gali- 
leo, a generation of scientists went over to the use of 
experiments for scientific purposes. Yet this general turn 
toward experimental metliod can scarcely be regarded as 
the effect of one man’s work. It is better explained as the 
result of a change in social conditions which freed the 
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TTunfl^ o£ the scientists from preoccupation with Greek 
science in the form of scholasticism and led naturally to 

an empirical science. j j u., „ 

The birth of experimental science was attended by a 
wave of energy and interest that spread all over Europe. 
The telescope, invented by a Dut^ lens 
first directed at the heavens by Galileo in Italy Ano*er 
Italian, Toricelli, pupil of Galileo, invented the baro^ 
eter and demonstrated that air e.xerts a pressure which 
diminishes as the altitude increases I" 
ricke invented tlie air pump and exhibited to a tartled 
public tlie power of atmospheric pressure y p g 
hemispheres together which, after h-ng exhau ej of 
the air, could not be pulled apart by teams o£ hors«. Tim 
English also were prominent in the new 6^ d W.lham 
Gilbert, physician to Queen Elizabeth, P^tfonned 
published extensive studies of magnetism “T/Lat 
covered the circulation of tlie bloo , ,u-7h.ars his 

lUhed the law of gas pressures and volumes th ^ 

name. Thus did observation and experim 

whole new world of scientific facts an aw. j ^gjop. 

This brief selection of events tntrodncmg die develop 
ment of modem science illustrates m -oinparable 
modern age has produced of the Greeks. 

in influence to tlie great rationa y success of 

The rationalism of ‘J^^'^^^^^hLtion: British em- 

mathematical rese.irch in the experimental 

piricism mirrors tlie t”"™? that addresses 

method in modern science d 

questions to nature and leaves it iw 
"Buftiiere is another de«Iupmcnt ^ d™ 

nation, and tliat is the revival oral P^^ ^ 

continental Europe during ,,,:oLhc new doctrines 
British philosophers were formulating the nen u 
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o£ empiricism. It was during tliis time tliat Descartes, 
Leibniz, and Kant, tliough versed in science and them- 
selves contributors to scientific fields, constructed new 
rationalistic systems superior in method and cogency to 
those of the ancients. 

In order to understand this counterdevclopmcnt it 
must be recalled that experimental mciliod, however 
revolutionary its appearance on the scene turned out to 
be, is only one of the two major instruments of modem 
science. The other is the use of mathematical methods 
for the establishment of scientific explanation. In tliis 
respect, Greek science is continued in modern time; and 
it is more than a mere coincidence that the Copcrnican 
system, which we regard as die symbol of the modem 
scientific age, was anticipated in Aristarchus' heliocen- 
tric system. The power of mathematical method for the 
analysis of the physical world, which the Greeks had dis- 
covered in their astronomy, was confirmed in the devel- 
opment of modem science; but combined with the use 
of experiments as criteria of truth it was more than con- 
firmed, it was multiplied so as to lead to successes of a 
higher order of magnitude. What made modern science 
powerful was the invention of the hypothetico-deductive 
method, the method diat constructs an explanation in 
the form of a mathematical hypothesis from which the 
observed facts are deducible. Let us study diis method, 
also called explanatory induction, in a prominent ex- 
ample. ^ 

Copernicus’ discovery would never have found the 
universal assent of the learned world had it not been im- 
proved by the research of Johann Kepler (1571-1630) 
and finally been incorporated into a mathematical expla- 
nation through the work of Isaac Newton (1643-1727). 
Kepler, a mystically minded mathematician who set out 
with an elaborate mathematical plan to prove the sup- 
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posed harmony o£ the universe, was clever enough to 
drop his original hypothesis about the motions of the 
planets rvhen he saw that observations proved very dif- 
ferent laws of planetary motion. As a result, he became 
the author of three famous laws of planetary motion, 
which reveal that the orbits of the planets are not circles, 
but ellipses. Kepler’s discoveries were followed by a still 
greater achievement, the greatest of diis en ire p . 
Lmely, Newton’s law of attraction between ma se jhia 
law, familiarly known as the law of gram a , 
form of a rather simple mathematical 
ically speaking, it constitutes an hypo lesi , 
acceJsib'le to direct verificatiom It ^estaM^^^^ 

rectly, since, as Newton showed, Hprived from 

results summarized in Kepler’s laws can be derived from 
it. And not only Kepler’s results; from Newtons 
Galileo’s law of falling bodies is li ’ewi 

so are many other to the positions 

nomenon of die tides in their correlation to p 

°'N“;mselfsawclearlyd,atthetrudr^ 

pended on confirmation through a yen . j 
"plications. In order to derive 

invented a new mathemaucal Reductive acliieve- 

calculus; but all the bnjban^ f t„tiutive 

ment did not satisfy him. He through 

servational evidence and tested _nnihlv revolution 
observations of the " ^^of ^Son. To his 

constituted an instance of Ins i ^j^vational results 
disappointment he found diat die- 

disagreed with his calculations. Newioii put die 

ory.llowever beautiful, before die Plenty 

manuscript of his theory into circumference 

years later, after new "wasurem ^^pedition. New- 

of die earth had been made by a 
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ton saw that the figures on which he had based his test 
were false and that tlie improved figures agreed with his 
theoretical calculation. It was only after this test that he 
published his law. 

The story of Newton is one of tlie most striking illus- 
trations of the method of modern science. Observational 
data are the starting point of scientific method; but tliey 
do not exhaust it. They arc supplemented by a mathe- 
matical explanation, which goes far beyond a statement 
of what has been observed; the explanation is then sub- 
jected to mathematical derivations which make explicit 
various implications contained in it, and these implica- 
tions are tested by observations. It is tliesc observations 
to which is left the “yes" or "no", and thus far the method 
is empirical. But what the observations confirm as true is 
much more than wliat is directly said by them. They 
vouch for an abstract mathematical explanation, that is, 
for a theory from which the observable facts arc mathe- 
matically deducible. Newton had courage enougli to ven- 
ture the abstract explanation; but he had also prudence 
enough not to believe in it before an observational test 
had confirmed it. 

In its further development, which extended through 
more than two centuries, Newton’s theory received ever- 
renewed confirmations. It was possible through an in- 
genious experiment by Cavendish to test the gravita- 
tional attraction emanating from a ball of lead not more 
than a foot in diameter. The perturbations of planets in 
their orbits, caused by mutual gravitational attractions, 
were subsequently computed and verified by improved 
techniques of observation. Finally, the existence of a 
then unknown planet, Neptune, was predicted by the 
^ench mathematician Leverrier (and independently by 
the English astronomer Adams) on the basis of calcula- 
tions tliat made the new planet responsible for certain 
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observed disturbances o£ the otber planets. When Ae 
German astronomer Galle directed his “'““P 
spot o£ tlie night sky tliat had been figured out by Lever- 
rier he saw liere a tiny speck tliat changed its position 
sUgiidy £rom night to night, and the planet Neptune was 

its predictive power. Whoever f 

ence should not £orget tliat observation and 
have been capable o£ building up *?"°‘^deduc- 

because tliey were combined '""““Lure o£ 

tion. Newton’s physics differ gready horn 
inductive science tliat had been „ Qt observa- 

earlier by Francis Bacon. A ”““°'"bYes would 
tional £acts, sucli as P'f ““f.“discovery of die law o£ 
never have led a scienust to the combination widi 
attracdon. Madiematical deduction ^ ^ 

observadon is die instrument diat accounu for the 

cess of modern science. , has found 

The application of madiematical mediod h^ 

Its most conspicuous expreM classical 

causality that was developed Since it ivas 

physics, that Is, of the P>^«“ £o„n of matlic- 

possible to express physical la physical ncces- 

matical equations, it appeared -u-matical necessity, 
sity could\e transformed mm madmmanc^ 

Consider, for instance, die law 

position of the moon, so mm ° opposite di- 

directed toward die moon, die , , swell and 

rection, while die eardi revo observational 


icLiiuii, wime u»c - 

makes it slide over its surface. ^ 
fact. Through Newton’s _i* the law of at- 

be the consequence *"“I*\^^.nathcinatical law is thus 
traction, and the certainty “The book of na- 

transferred to physical phcnoine 
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ture is written in mathematical language” — this utter- 
ance of Galileo has, in the following centuries, mani- 
fested Its truth beyond any measure that Galileo could 
possibly have imagined. The laws of nature have tlie 
structure of matliematical laws, their necessity and uni- 
versality; that was the result of a physics which predicted 
the existence of a new planet witli such precision tliat an 
astronomer had only to look, through his telescope to 
see it. 

The mathematical law thus appeared as the instru- 
ment not only of order, but also of prediction; it endowed 
the physicist with the power to foresee the future. The 
simple generalization performed in the inductive infer- 
ence by enumeration appeared a poor instrument if 
compared with the power of the hypothctico deductive 
method. How could tliis power be explained? The an- 
swer seemed obvious: there must exist a strict order 
among all physical happenings which is portrayed by 
means of matliematical relations, an order e.xpressed 
through the name of causality. 

The idea of a strict causal determination of all occur- 
rences of nature is the product of modern time. The 
Greeks found a mathematical order in the motions of tlie 
stars; but other physical occurrences were regarded by 
them as at most partly determined by causal laws. True, 
some Greek philosophers adhered to a general determin- 
ism, but we do not know to what extent their conception 
of causal determination corresponds to the modern one. 
None of them left us a clear formulation of what he un- 
derstood by determinism, and it is unlikely that anyone 
thought of causality as a law without exceptions, control- 
ling insignificant occurrences as well as the most impor- 
tant ones and making every event the necessary product 
of the preceding event, regardless of what these mean to 
human pursuit. The complete detachment of causality 
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from human valuation could not be conceived m a time 

which did not know mathematical physics. 

For the Greek mind, predetermination has a religious 
tinge and is expressed through the concept of 
, h.n through that of cause. The origm of fatalism is 
rnlopommphic and explainable only through a naive 
projection of human valuauons and 
don into the course of nature. As men 
happenings in tire pursuit of their purposes, tlie gods 
LS human affairs; and the god of h^jade 1- 
plan for every human being that is many 

Leek fatalism. We may try to escape our fate y J 
means: we shall then only fulhll our 'X 

It was Oedipus' fate to kill h. ^^knoln “3 an 
motlier, a fate unknoivn to J .^.j attempt of 

oracle to his Eatlier, die king of Thebes.^ 
the father to elude fate by aband g 
in the mountains was doomed f 

brought up by foster parents, ^^hen ^ a jou^g^^ 
Oedipus travels to Thebes he **as ™ . ■ ju^cessful 

unknown man whom he slays; an w i . ; ,^i,ose 
in freeing the town from the 
riddle he solves, his reward is 

queen. Later, it is revealed to I,i 3 mother, 

was his fatlier, and tliat die queen, Freud inter- 

That is a myth which die P^V^Xlt^bcmLious desire, 
prets as the reflection of a gen j-y^l love for Ins 

the son's hatred of “ fhL be psycliologically 

mother. The idea of fate tmy U we 

explained as die rellecuon ot u ^ a modem 

feel in tlie face of subconscious urg^^- j„ay 

explanation, unknown to uic o ' nrcdctcmuna- 
Uunk of it. we shall be ready to ^ by psy- 

tion ihrougli fate is a conccpuo 
chology but not by logical analysts* 
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The determinism of modem science is of a very differ- 
ent nature. It developed from the success of mathemat- 
ical method in physics. If it was possible to construe phys- 
ical laws as mathematical relations, if deductive methods 
turned out to be the instruments of precise predictions, 
there must be a mathematical order behind the apparent 
irregularity of experiences; there must be a causal order. 
If we do not always know the order, if it seems impos- 
sible ever to know it completely, such failure is due to 
human imperfection. The French mathematician La- 
place has summarized this view in his famous simile of a 
superhuman intelligence that could observe position and 
momentum of every atom and could solve all the matlie- 
matical equations; to this superman, “the future like the 
past would be present”, and he would be able to state pre- 
cisely the minute details of every occurrence, be it thou- 
sands of years ahead of us or behind us. This physical 
determinism was the most general outcome of Newto- 
nian physics. It is intrinsically different from fate; it is 
blind, not planning; it does not favor or hate men; it is a 
determinism not in terms of future aims but of past facts, 
a determinism not in terms of a supernatural command 
but of a physical law. But it is as strict and exceptionless 
as the determinism of fate. It makes the physical world 
comparable to a wound clock that goes automatically 
through its stages. 

If diat is the picture of the world developed by classical 
physics. It is small wonder that the age of Newton pre- 
sents us with a wave of rationalism as well as of empiri- 
cism. The empiricists analyzed only one side of science, 
Its observational side; the rationalists emphasized its 
mathematical side. Empiricism finally broke down in 
Hume s criticism because it could not account for the 
predictive nature of science; it could not explain how we 
could ever know the strictly causal order of the world, 
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o£ whose existence the scientist £elt certain and which he 
i- l.imeH to know at least in its outlines. Rauonahsa 
lieved themselves to be justified when they attacked die 
empiricist position and developed systems that 
tended to explain the part mathemaucs plays in the con- 
struction o£ tlie physical world. ration- 

It is o£ particular interest that two o£ die great ration 

alists oFdie modern age. Leibniz -<i Kam;f^ 7 „t'*e 
their systems, at least in part, as a ^ 

criticism o£ die British ^“P‘"‘^‘^“„^f*“„X“ 7 widi 
Locke’s Essay Concerning Human ^ 

his New Essay on Human s^um- 

diat Hume ‘Awakened him ''’t/S,. wiA t!!^ 

her”, and he wrote his Critique 0/ '* ^ 

intention o£ saving scien'dfic knowledge from die 
hilating consequences o£ Hume s cri ' ^^3™ o£ 

G. W. Leibniz 

Newton and his equal in intc ec jjiy^jential calculus 
ently o£ Newton he discovered madiematical 

and applied it to die solution ° j Newton’s 

problems. However, he w« "o f heren^^ 
theory o£ gravitation, of ' j ^ an absolutism of 

ofitsempiricalsuccess becau^ Jed toan^^^_^ 

motion. Leibniz developed a t ry k: . l,a antici- 
die idea of the relativity of " ■^"n’rSry of rela- 
pated the logical principles of . system dilfers 

tivity: he saw clearly ‘'“t ^Cop._^ aiiodier mode of 
from Ptolemy’s system only in evaluation of 

speech. That he did "Ot Mrivc in him did 

Newton’s physics P™''“ „;j„ion of truth; tb.it be 
not submit to the empincist cannot be held 

could not develop Einsteins pb)S‘“ 
against him. „,ional side of iiiodcrii 

In Leibniz' philosophy di jcpresciitaiioii. The 

science has found iu most mdical rep 
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successful use of mathematical methods for the descrip- 
tion of nature made Leibniz believe that all science can 
be ultimately transformed into mathematics. The idea 
of determinism, of a universe that passes through its 
stages like a wound clock, appealed to him because it 
meant that physical laws are mathematical laws. He ap- 
plied this idea in one of the strangest creations of ration- 
alism, in his doctrine of preestablished harmony. Ac- 
cording to him, the minds of different persons do not 
interact with each other; the semblance of such inter- 
action is produced because the different minds, in their 
predetermined courses, go continuously through stages 
strictly corresponding to each other, like different clocks 
that keep the same time without being causally con- 
nected. I mention this doctrine in order to show that 
the mathematical mysticism of Pytljagoras has found 
counterparts in the philosophies of other great mathe- 
maticians. 

The rationalism of Leibniz, though inspired by 
mathematical science, is speculation in the cloak of logi- 
cal reasoning and abandons the solid ground from which 
modem science has grown — its basis in empirical ob- 
servation. His disregard of the empirical component of 
knowledge led Leibniz to the belief that all knowledge 
IS logic. Although he saw the analytic nature of deduc- 
tive logic, he believed that logic cannot only supply but 
even replace empirical knowledge. There are truths of 
the factual kind, that is, empirical truths, and truths of 
reason, that is, analytic truths; this distinction, however, 
IS only a consequence of human ignorance, and if we 
could have a perfect knowledge, as God has it, we would 
see that all that happens is logically necessary. For in- 
stance, God could deduce from the concept of Alexander 
that he was a king and conquered the Orient. This ana- 
lytic interpretation of empirical knowledge is a ration- 
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alist blunder which has been repeatedly comraiued in 
the hope thus to explain mathematical physics. It "’“V 
that we can deHne a concept Alexander in such a w^ 
that all the history of the man follows analytically rom 
if but then we could never know from pure logic 
whether the observable individual Ale“"der^^ co ^ 
Tectly identified by that concept, n o proper- 

statement that the observable '"dividual has ttepr^o[^^^^ 

ties expressed in the concept woul e sy , xiiere 

iect to all the quandaries of empirical “ 

is no way of evUng the problems of empiricism by tak 

'"iis 

cism; when he died, Hume was ve Y recognize 

his aiticism of Locke, in wh.di he 
Locke's principle *at all concep necessity, he 

sense perception; argument is of little in- 

argues, are innate in ?,lem of empiricism is 

terest today, since ^jneiple of the empirical 

now seen to be, not Lockes pr ^ expen- 

origin of concepts, but H^/^^W^nlieiic i^aie- 
ence is the only judge of th predictions 

ments, which leads to the comeq interesting, there- 
are not justifiable. It would be answered to 

fore, if we knew what Leibmz admitted 

Hume. Presumably Leibniz wo regarded 

Hume's principle of ‘‘''1’"=“°" il',e problem of induc- 
it as limited to the use of humans, f 
tion, he would have said, does t, 5 cd as a s> no- 

no answer, not even if die w'ot^_ , jjjibniz' diesis of 
n>m for “the Perfac'; 'og‘“an - analjtic knowl- 

a reduction of empirical kno of an analytic 

edge cannot be accepted. ine » There is not 

a priori cannot solve H”'"' ’’n...i(l Hume's incisisc 
niucli likelihood, however, that ua 
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critique would have changed the opinions of Leibniz, 
who was too deeply affected by the search for certainty 
to overcome the illusions of rationalism. 

The answer of rationalism to Hume was given by 
Kant, Avho was only thirteen years younger than Hume 
but whose major publications did not appear before 
Hume’s death. I have explained Kant’s philosophy of 
the synthetic a priori in Chapter 3; it is the merit of this 
philosophy that it steers clear of Leibniz' incomprehensi- 
ble claim of having reduced knowledge about the world 
to analytic knowledge. Let us sec, then, how the ration- 
alism of a synthetic a priori attempts to anstver Hume. 

According to Kant, the principle of causality is syn- 
thetic a priori. He contends wc know for certain tliat 
every occurrence has a cause; only the finding of Uic 
individual cause is left to observation. Let me use an 
illustration which Kant could have used: when we see 
the tides of the ocean in their periodic rhythm, we know 
from pure reason that this occurrence has a cause. What 
observation in combination with inductive inferences 
teaches us is merely the fact that in this case the cause is 
given by the position of the moon. The inductive infer- 
ence, therefore, is restricted to finding the individual 
physical laws, but is not employed for the establishment 
of the general truths of pliysics, such as the principle of 
causality, which are imposed upon us by reason. Since 
we know for certain that there is a cause, induction is 
justified as the instrument of finding it — with this argu- 
ment Kant believes he has overcome Hume’s criticism of 
induction. The certainty of the synthetic a priori takes 
over where the empiricist resigns in skepticism: that is 
the essence of Kant’s philosophy. 

It is hard to see how Kant could regard this theory as 
an awakening from dogmatical slumber. Kant’s argu- 
ment does not answer Hume’s question. Had Hume 
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lived to read the Critique of Pure Reason, he might have 
answered Kant; “How does it help us to know tliere is a 
cause i£ we wish to know what tlie cause is? It is true i 
we knew there were no cause it would be “ 

search £or one; but that is not our situation. We do not 
know whether tliere is a cause; in this 
inductive inierences, based on “bservation and com 
clude, say. that the moon is tlie cause o£ 
inductive in£erence is what I question; and > re 

main just as questionable i£ you conld prove 
statement that there is a cause. Incidental^, > our proof 
o£ the general principle is inaccepta e o ■ 

Let me amplify diis imaginary defense of Hume by an 
illustration, ^sume someone is ^ould dig. 

Peru, but does not know at « help 
You Ull him; Yes, tliere is goW “ i n^ o 

him? He is no better off p 

know is whetlier die spot he is diggi g p-J^ jf he 
the gold. He cannot dig on every sp 
knew that there is gold within a square 

land, he could proceed by ‘1^ number of 

foot and would find die gold af -.jiaustive trials, 

trials. But Peru is too large to ,d is 

and dierefore knowledge of mere Peru, this 

useless. If you told him that “,ji,„®and induce him 
information would be valuable there is gold in 

to stop digging; but telltng Uiat )ou do 

Peru helps him just as ^ 

not know whether there is g° ‘P . gant more pre- 
1 should like to make ‘ j he w.ts looking for the 

CISC. Kant always enipha5tz«“^ , distinguishing 

logical presuppositions of h „.,;tions. "There can be 
them from psychological P‘^“'jPP| c"iiis widi experience 
no doubt that all our knowledge ” . derived from 

... but it docs not follow that all ol it « 

III 



SPECULATIVE PHILOSOPHY 

experience” — with these words he introduces the Cri- 
tique of Pure Reason. Applied to the problem of causal- 
ity, his argument would mean that we develop the no- 
tion of cause by finding particular causes, but that the 
knowledge of the general principle of causality is not 
logically derived from experiences. This principle, Kant 
argues, is the logical presupposition of every particular 
causal law; therefore it must be assumed true if we want 
to find such particular causal laws. 

The term “logical presupposition” means a logical re- 
lationship; it means: if the particular causal law is true, 
then the general causal law is true. Now tliis statement 
requires a qualification. In order for causality to hold 
for one kind of occurrence, it need not hold for other 
kinds of occurrence. All that can be said is: if the partic- 
ular causal law is true, then there exists a cause in this 
case. Only in this restricted form can an implication be 
set up. Therefore, the logical presupposition of any par- 
ticular causal law is not the general principle of causality^ 
but a corresponding principle stated merely for the oc- 
currence under investigation. 

It must be asked what can be derived from this re- 
stricted implication. If you have found the particular 
cause, then there is a cause for this occurrence— from this 
implication, Kant believes, one can derive the conclu- 
sion; if you search for the particular cause, say, the cause 
^ the tides, you have to assume that there is a cause. 
Otherwise, Kant maintains, it would be unreasonable 
even to look for a cause. 

This argument is fallacious. If we seek for a particular 
cause, we need not assume that there is one. We can leave 
mis question open, like the question of what is the cause. 
Only if we knew that there is no cause would it he un- 
re^onable to seek for a particular cause. But if nothing 
IS known about there being a cause, we can search at the 
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same time for the particular cause and for the Mswer to 
the question whether there is one. We know, if we suc- 
ceed in finding a particular 

there is a cause for the case Xof dm 

is all that remains of Kanfs argument. The trmh of d e 

statement about the pardcular but 

truth of the statement about there being a cause but 
tTe marc,rfor the truth of the first does not presuppose 

"'TMsIlnalyt Te^etat the same ti-e the question of 
the general principle “usa'uy “cmd ^ 
occurrences have causes. A stat „,.„„r,nnsition of 
generality is certainly not die logica P PP 
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come in only when causal laws for , ^2115 gen- 

investigated. Extending the ;£ causal 

era! case, the following stateme occur- 

laws had been found for £0^ all diese 

rences would have causes, bu assumption diat all 
causal laws does not Pf ftipP“ question may be 

occurrences have causal laws. T search has been 

left open and will be answered when die searcu 

successful in all cases. 1 uriori by un- 

Kant’s program of finding a sy i nowledge dius 
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than diat of scientific hnowUdge- Tin sn P ^ 

analysis shows that Kant’s philosophy of die > 
priori is untenable. . , rl.assical physics did 

The rationalist interpreutio ,riast iiitcrprc- 

not solve die problems raised by 
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tation; tliat is the result of all this discussion. The mathe- 
matical precision of physics must not make us believe 
that deductive methods could account for all the thought 
operations involved in the construction of this science. 
In addition to deduction, the physicist depends on the 
use of induction, since he starts with observations and 
foretells furtlier observations. The prediction of future 
observations is both his goal and the test of the truth of 
his hypotheses. Constructing an intricate network of 
deductive and inductive inferences, classical physics had 
developed predictive methods to a high degree of effi- 
ciency; but neither the physicist nor the philosopher 
could supply the answer to the question why we should 
trust these methods in the application to further predic- 
tions. 

With the end of the eighteenth century, the philos- 
ophy of physics had arrived at a deadlock. The over- 
whelming system of knowledge which the human mind 
had created remained incomprehensible. This frank ad- 
mission of the empiricist Hume appears superior to the 
claim of the rationalist Kant that the foundations of 
physics are a product of reason. 

The physicists themselves did not notice this philo- 
sophical deadlock. They went on making observations 
and constructing tlieorics, and marched from success to 
success, until tlicy, too, arrived at a deadlock. From this 
physical deadlock sprang a new physics in the course of 
which eventually the philosophical deadlock was also 
overcome. These developments may be presented in a 
report on die nineteenth and twentiedi century. 
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The Results of Scientific Philosophy 
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The Origin of the New 
Philosophy 


I N THE face of error we can ask only for a psycholog- 
ical explanation; truth calls for logical analysis. 
The history of speculative philosophy is tJie story 
of tlie errors of men who asked questions they were 
unable to answer; the answers which they nonetlieless 
gave can be explained only from psychological motives. 
The history of scientific philosophy is the story of tlie 
development of problems. Problems are solved not 
through vague generalities, or picturesque descriptions 
of the relation between man and the world, but through 
technical ivork. Such work is done in the sciences, and 
in fact, tlie development of problems must be traced 
through the history of the individual sciences. Philosoph- 
ical systems, at best, Iiave reflected the stage of scien- 
tific knowledge of their day; but they have not con- 
tributed to the development of science. The logical 
development of problems is the work of tlie scientist; 
his technical analysis, tliough often directed toward 
minor details and seldom conducted for philosophical 
purposes, has furthered tiie understanding of the prob- 
lem until, eventually, die technical knou lcdge was com- 
plete enough to allow for tlie answer to philosopliical 
questions. 

Scientific uork is group work; die contributions of 
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individual men to the solution of a problem may be 
smaller or larger, but will always be small compared to 
the amount of work invested in the problem by the 
group. There are great mathematicians, physicists, and 
biologists; but even the greatest among them would have 
been unable to do their work without the preparation by 
preceding generations or the help of their contempo- 
raries. The amount of technical work involved in the 
solution of a problem goes beyond the capacities of an 
individual scientist. That is true not only for the 
cumbersome work of observational and experimental 
research, but also for tite logical and mathematical 
construction of a theory. The social character of scientific 
work is the source of its strength; the limited power of 
the individual is supplemented by the resources of the 
group, the slips of the individual are corrected by his 
fellow workers, and the resultant of the contributions of 
the many intelligent individuals is a sort of superpersonal 
group intelligence, which is able to discover answers that 
a single individual could never find. 

These considerations may explain why the second part 
of my book follows a plan different from that of the first. 
The chapters of the first part were centered around the 
psychological sources of error; those of the second deal 
with problems. In order to be historically complete, I 
therefore would have to trace the lines of development 
back to antiquity. But it turns out that for the purposes 
of this book a short survey of ancient times suffices; the 
essential developments which concern the philosopher 
begin with the nineteenth century. 

The history of nineteenth-century science offers the 
philosopher perspectives of an enormous reach. The 
abundance of technical discoveries is matched by a -wealth 
of logical analysis; and on the ground of the new science 
there arose a new philosophy. This new philosophy 
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began as a by-product of scientific research. The mathe- 
matician, the physicist, or tlie biologist, who wanted to 
solve tile technical problems of his science, saw himself 
unable to find a solution unless he first could answer cer- 
tain more general, philosophical questions. It was his 
advantage that he could look for these philosophical an- 
swers unburdened by preoccupation tvith a philosophical 
system. He could find, for every problem, an answer in 
its own right. He ivas not concerned with the task of 
combining answers into a neat philosophical system. He 
did not mind whether his results were derivable from 
some general doctrine sanctioned by a name recorded in 
the history of philosophy. And thus, carried along by the 
logic of the problems, he found answers unheard of in 
the history of philosophy. 

It is the plan of tliis book to collect these results and 
to present tliem with all their interconnections. Witli the 
synopsis of scientific answers to philosophic questions, a 
new philosophy is outlined, a philosophic system riot in 
the sense of a speculative creation of a fanciful mind, but 
in the meaning of an ordered totality attainable only as 
the product of group-work. 

The nineteenth century has often been the target of the 
contempt of the historian. Writers for whom the great 
personality of an individual, tiie genius, constitutes tlic 
aim of historic developments, wlio measure tlie signifi- 
cance of a period by a scale gauged in numbers of master- 
minds, have spoken disparagingly of a century wliosc 
cultural aspect is not determined by its poets, or painters, 
or philosophers. Compared witli die Renaissance, or the 
periods of the literary classics in England, France, and 
Germany, the century of science and industry offers the 
colorless picture of a civilization striving toward uni- 
formity and mechanization. Mass production instead of 
creation by the artist or craftsman; mass satisfaction in* 
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Stead o£ the standards o£ taste o£ an intellectual nobility; 
mental group-work instead of the creative work of the 
individual thinker — those are the labels whicli tlie ro- 
mantic interpretation of history has in stock for tlie nine- 
teenth century. 

But tlie history of the age of science and industry will 
never be understood by the romanticist. The intellectual 
achievements of the nineteenth century cannot be meas- 
ured in terms of great personalities — although there are 
such personalities — because the contribution of an in- 
dividual, outstanding as it may be, is small compared 
with the group product. The number of scientific dis- 
coveries through group-work during this period is over- 
whelming. The period that began with the steam engine 
and the discovery of the electric current, that went on by 
way of the railroad, the electric generator, tlie radio, the 
airplane, and that in our day has culminated in super- 
sonic speed of transportation and the tapping of atomic 
energy — this period is not only a triumphal march of in- 
dustrial discoveries. It represents, at the same time, a line 
of rapid progress of the powers of abstract thought. It has 
led to purely theoretical constructions of highest perfec- 
tion, such as Darwin’s theory of evolution or Einstein’s 
theory of relativity; it has trained tlie human mind in 
the understanding of logical relationships which would 
have appeared incomprehensible to the educated man of 
earlier centuries. 

The development of the power of abstraction is the 
necessary concomitant of an industrial civilization. The 
engineer who designs machines or airplanes is not 
identical with the man in tlie workshop who makes the 
machine, or the airplane; for him, his product exists com- 
pletely in his imagination, materialized only in the form 
of a blueprint, before it can become concrete reality. 
The physicist who experiments in his laboratory has be- 
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fore him a maze of ivires, glass tubes, and metal bars; but 
into tills maze he sees an order of electric circuits, whidi 
makes him control his manual operations in such a way 
that observations result whicli reveal general laws of 
nature. The madiematician, equipped with wiling 
paper and fountain pen, arrives at figures which deter- 
mine the construction of bridges or airplanes or sky- 
scrapers. Never in the history of mankind has a civiliza- 
tion demanded so intensive an intellectual training from 
tliose ivho ivork for it. 

The philosophy of the nineteenth century is tlic prod- 
uct of such power of abstraction. It does not offer the 
persuasive solutions of systems that talk picture language 
and appeal to aesthetic desires. It presents answers un- 
derstandable only to a mind trained in abstract thought; 
it requires tliai its disciples study every item witli the 
precision of the engineer and the scrutiny of the matlie- 
matician. But to tliose who are ivilling to submit to these 
requirements it offers tlie reward of an intellectual in- 
sight of amazing proportions. It answers the questions 
which tlie founders of the great philosophical schools 
could not answer; often, tliough, it has first to replirasc 
die question in such a way as to render it capable of an 
answer. It shows die world in which we live to be of a 
much more complicated structure than that which the 
classical philosopher took for granted. And it has de- 
veloped mediods for dealing with such structures and for 
making the world comprehensible to iminan understand- 
ing. 

Tlie textbooks of philosophy usually include a cliapicr 
on die philosopliy of the nineteenth century wriiicn in 
die same vein as those about the preceding centuries, riiis 
chapter mentions names like Fichte, Scheiling. Hegel, 
Schopenhauer, Spencer, and Bci^on, and recortls ilicir 
systems os though dicy were pliilosophical creations in 
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line with the systems of earlier periods. But the philos- 
ophy of the systems ends with Kant, and it is a misunder- 
standing of the history of philosophy to discuss the later 
systems on a level with those of Kant or Plato. Those 
older systems were expressive of the science of their time 
and gave pseudo answers when no better answers were 
available. The philosophical systems of the nineteenth 
century were constructed at a time when a better philos- 
ophy was in the making; they are the work of men who 
did not see the philosophic discoveries immanent in the 
science of their time and who developed, under the name 
of philosophy, systems of naive generalizations and anal- 
ogies. Sometimes it was the persuasive language of their 
presentations, sometimes the pseudoscientific dryness of 
their style, which impressed their readers and contrib- 
uted to their fame. Yet considered historically, these sys- 
tems would better be compared to the dead end of a river 
that after flowing through fertile lands finally dries out 
in the desert. 

The history of philosophy, which up to the time of 
Kant manifested itself in the form of philosophical sys- 
tems, should be regarded as continued after Kant not by 
the pseudosystems of the imitators of a great past, but by 
the new philosophy that grew out of the science of the 
nineteenth century and was continued in the twentieth 
century. Within the short period of its existence, this 
philosophy has undergone a rapid development, paced 
by the progress of science during the same period. In par- 
ticular, the results evolving from Einstein’s theory of 
relativity and Planck’s quantum theory fall entirely into 
the twentieth century, which therefore offers a philosoph- 
ical aspect differing greatly from that of the nineteenth 
century. The revolution of scientific thought, for which 
tlie science of the twentieth century is so often praised, 
is, however, a natural consequence of developments 
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begun in the nineteenth century and should rather be 
called a rapid evolution. 

Just as the new philosophy originated as a by-product 
o£ scientific research, the men who made it were hardly 
philosophers in the professional sense. They were mathe- 
maticians, physicists, biologists, or psychologists. Their 
philosophy resulted from tlie attempts to find solutions 
to problems encountered in scientific research, problems 
which defied the technical means thus far employed and 
called for a reexamination of the foundations and tlie 
goals of knotvledge. Rarely ivas such philosophy detailed 
or explicit, nor was it extended beyond the confines of 
the fields of tlieir maker's particular interests. Instead, 
the philosophy of tliese men lurks in the prefaces and in- 
troductions of their books and in occasional remarks in- 
serted in othenvise purely technical expositions. 

It was not until our generation iliat a new class of phi- 
losophers arose, who were trained in die technique of the 
sciences, including mathematics, and who concentrated 
on philosophical analysis. These men saw tliat a new dis- 
tribution of work was indispensable, tliat scientific re- 
search does not leave a man time enough to do die work 
of logical analysis, and tliat conversely logical analysis 
demands a concentration which does not leave time for 
scientific work — a concentration whicli because of its 
aiming at clarification rather dian discovery may even 
impede scientific productivity. The professional philos- 
opher of science is the product of diis development. 

The philosopher of the traditional school has often 
refused to recognue tlic analysis of science as a philos- 
ophy and continues to identify pliilosophy with the in- 
vention of philosophical systems. He docs not realize diat 
philosophical systems have lost dicir significance and 
that their function lias been taken over by the philosopliv 
of science. Tlic scientific philosoplicr is not afraid of 
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such antagonism. He leaves it to the old style philosopher 
to invent philosophical systems, for which there sull may 
be a place assignable in die philosophical museum called 
tlie history of philosophy — and goes to work. 
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The Nature of Geometry 
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the Egyptians knew from practical experience that if they 
made a triangle the sides of which were respectively 3, 4 , 
and 5 units long it would be a right triangle. The deduc- 
tive proof for this result was provided much later by 
Pythagoras, whose famous theorem explains the Egyptian 
findings by the fact that the sum of the squares of 3 and 4 
is equal to the square of 5. 

Pythagoras’ theorem illustrates the contribution which 
the Greeks made to geometry: the discovery that geom- 
etry can be built up as a deductive system, in which every 
theorem is strictly derivable from the set of axioms (see 
p. 96). The construction of geometry in the form of an 
axiomatic system is forever connected with the name of 
Euclid. His logically ordered presentation of geometry 
has remained the program of every course in geometry 
and was used until recently as a text in our schools. 

The axioms of Euclid’s system appeared so natural 
and obvious that their truth seemed unquestionable. In 
this respect, Euclid’s system confirmed earlier concep- 
tions, developed before the principles of geometry ac- 
quired the form of an ordered system. Plato, who lived a 
generation before Euclid, was led by the apparent self- 
evidence of geometrical principles to his theory of ideas; 
and it was explained in Chapter a that the axioms of 
geometry were regarded by him as revealed to us through 
an act of vision, which showed geometrical relations as 
properties of ideal objects. The long line of development 
beginning with Plato, which did not essentially change 
this conception, terminated in the more precise though 
less poetical theory of Kant, according to which the 
axioms were synthetic a priori. Mathematicians more or 
less shared these views, but they were not so much inter- 
ested in the philosophical discussion of the axioms as in 
the analysis of the mathematical relations holding be- 
tween them. They tried to reduce the axioms to a mini- 
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i860), discovered that the axiom o£ parallels is not a nee- 
essary constituent o£ a geometry. He constructed a geom- 
etry in which die axiom o£ parallels was abandoned and 
replaced by the novel assumption that there e.xists more 
than one parallel to a given line tlirougli a given point. 
The same discovery was made about die same time by the 
Russian mathematician N. I. Lobachevski (1793-1856) 
and by the German mathematician K. F. Gauss ( 1777 " 
1855). The geometries so constructed were called non- 
Euclidean geometries. A more general form of a non- 
Euclidean geometry, whicli includes systems in ivhich 
there exist no parallel lines at all, was later developed by 
the German mathemaucian B. Riemann (1826-1866). 

A non-Euclidean geometry contradicts Euclidean ge- 
ometry — for instance, in a non-Euclidean triangle the 
sum of the angles is diderent from 180 degrees. Still, 
each non-Euclidean geometry is free from internal con- 
tradictions: it is a consistent system in the same sense 
that Euclid’s geometry is consistent. A plurality of ge- 
ometries thus replaces the unique system of Euclid. It is 
true that the Euclidean geometry is distinguished from 
all otliers by the fact that it is easily accessible to a visual 
presentation, whereas it seems impossible to visualize a 
geometry in which there is more tlian one parallel to a 
given line through a given point. But the mathemati- 
cians were not very much concerned about questions of 
visualization and regarded various geometrical systems as 
being of equal mathematical validity. In keeping witli 
this somewhat detached attitude of the mathematician, I 
shall postpone the discussion of visualization until I have 
discussed some other problems. 

The existence of a plurality of geometries demanded 
a new approach to the problem of the geometry of the 
physical world. As long as there was only one geometry, 
the Euclidean geometry, there was no question of the 
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ured had been different from 180 degrees. Would it fol- 
low that the geometry of the world is non-Euclidean? 

There is a way to evade this consequence. Measuring 
angles between two distant objects is done by sighting 
the objects through lenses attached to a sextant or a sim- 
ilar instrument. Thus the light rays traveling from the 
objects to the sight device are used as defining the sides 
of the triangle. How do we know that the light rays move 
along straight lines? It would be possible to maintain 
that they do not, that their patlt is curved, and that 
Gauss’ measurement did not refer to a triangle whose 
sides were straight lines. On this assumption the meas- 
urement was not conclusive. 

Is there a way to test the new assumption? A straight 
line is the shortest distance between two points. If the 
path of the light ray is curved, it must be possible to con- 
nect the starting point with the end point by another 
line, which is shorter than the path of the light ray. Such 
a measurement could be made, in principle at least, with 
the help of measuring rods. The rods would have to be 
carried along the path of the light ray and then along 
several other lines of connection. If there is a shorter line 
of connection, it would thus be found by repeated trials. 

Suppose that the test was carried through and it was 
negative, that is, we found the path of the light ray to be 
the shortest connection between the two points. Would 
this result, in combination with the previous measure- 
ment of the angular sum, prove the geometry to be Eu- 
clidean? 

It is easily seen that the situation is as inconclusive as 
before. We questioned the behavior of light rays and 
checked it through measurements with solid rods. We 
now can question the behavior of the solid rods. The 
measurement of a distance is reliable only if the rod does 
not change its length while it is transported. We might 
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testing congruence. Suppose tliat during the night all 
physical objects, including our own bodies, became ten 
times as large. On awakening tliis morning we should be 
in no condition to test this assumption. In fact, we shall 
never be able to find it out. The consequences of such 
change are, in accordance with the conditions laid down, 
unobservable, and hence we can collect no evidence 
either for or against it. Perhaps we all are ten times as tall 
today as we were yesterday. 

There is only one way to escape such ambiguities: to 
regard the question of congruence not as a matter of ob- 
servation, but of definition. We must not say “tlie two 
rods located at different places arc equal”, but we must 
say that we call these two rods equal. The transportation 
of solid rods defines congruence. This interpretation 
eliminates the unreasonable problems mentioned. It no 
longer makes sense to ask whether today we are ten times 
as tall as we were yesterday; we call our height of today 
equal to that of yesterday, and it has no meaning to ask. 
whether it really is the same height. Definitions of this 
kind are called coordinative definitions. They coordi- 
nate a physical object, a solid rod, to the concept “equal 
length” and thus specify its denotation; this peculiarity 
explains the name. 

Statements about the geometry of the physical world, 
therefore, have a meaning only after a coordinative defi- 
nition of congruence is set up. If we change the coordina- 
tive definition of congruence, a different geometry will 
result. This fact is called tlie relativity of geometry. To 
illustrate the meaning of this result, assume again that 
Gauss’ measurement had proved a deviation of the an- 
gular sum from 180 degrees and that measurements with 
solid rods had confirmed light rays to be the shortest dis- 
tance: still there would be nothing to prevent us from 
regarding the geometry of our space as Euclidean. We 
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sense. Among the equivalent descriptions, there will be 
one, and only one, in which solid bodies and light rays 
are not called "deformed" through universal forces. For 
this description I shall employ the name tiormal system. 
The question can now be asked which geometry leads to 
the normal system; and this geometry may be called the 
natural geometry. Obviously, the question as to the nat- 
ural geometry, that is, tlie geometry for which solid 
bodies and light rays are not deformed, can be answered 
only dirough empirical investigation. In this sense the 
question of the geometry of physical space is an empirical 
question. 

The empirical meaning of geometry can be illustrated 
by reference to other relative concepts. If a New Yorker 
says "Fifth Avenue is to the left of Fourth Avenue", this 
statement is neither true nor false unless he specifies the 
direction from which he looks at these streets. Only the 
complete statement “Fifth Avenue is to the left of Fourth 
Avenue seen from the South” is verifiable; and it is 
equivalent to the statement "Fifth Avenue is to the right 
of Fourth Avenue seen from the North”. Relative con- 
cepts like "to the left of’ or "to the right of’ thus can 
very well be used in the formulation of empirical knowl- 
edge but care must be taken tiiat the formulation in- 
cludes the point of reference. In the same sense, geometry 
is a relative concept. We can speak about the geometry of 
the physical world only after a coordinative definition of 
congruence has been given. But on tliat condition an 
empirical statement about the geometry of the physical 
world can be made. When we speak about physical geom- 
etry, it is therefore understood that some coordinative 
definition of congruence has been laid down. 

Poincare was right if he rvanted to say that the choice 
of one from the class of equivalent descriptions is a mat- 
ter of convention. But he was mistaken if he believed 
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Assume that empirical observations are compatible 
with the following two descriptions: 

CLASS 1 

(a) The geometry is Euclidean, but there are universal 
forces distorting light rays and measuring rods. 

(b) The geometry is non-Euclidean, and tliere are no 
universal forces, 

Poincar^ is right when he argues that each of these 
descriptions can be assumed as true, and that it would 
be erroneous to discriminate between them. They are 
merely different languages describing the same state of 
affairs. 

Now assume that in a different world, or in a different 
part of our world, empirical observations were made 
which are compatible with the following two descrip- 
tions: 


CLASS II 

(a) The geometry is Euclidean, and there are no universal 
forces. 

(b) The geometry is non-Euclidean, but there are uni- 
versal forces distorting light rays and measuring rods. 

Once more Poincare is right when he argues that tliese 
two descriptions are both true; they are equivalent 
descriptions. 

But Poincare would be mistaken if he were to argue 
that the two worlds I and II were tlie same. They are 
objectively different. Although for each world there is a 
class of equivalent descriptions, the different classes are 
not of equal truth value. Only one class can be true for a 
given kind of world; which class it is, only empirical ob- 
servation can tell. Conventionalism sees only the equiva- 
lence of the descriptions within one class, but stops short 
of recognizing the differences between the classes. The 
theory of equivalent descriptions, however, enables us 
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space. From his general theory of relativity he derived 
the conclusion that in astronomic dimensions the natural 
geometry of space is non-Euclidean. This result does not 
contradict Gauss’ measurement according to which the 
geometry of terrestrial dimensions is Euclidean, because 
it is a general property of a non-Euclidean geometry that 
for small areas it is practically identical with the Euclid- 
ean geometry. Terrestrial dimensions are small as com- 
pared with astronomic dimensions. We are unable to 
observe the deviations from Euclidean geometry 
through terrestrial observations, because within these di- 
mensions the deviations are too small. Gauss’ measure- 
ment would have to be made with an exactness many 
thousands of times greater, in order to prove a deviation 
of the angular sum from 180 degrees. But such exactness 
is far beyond our reach and will presumably forever 
remain so, Only for larger triangles would the non- 
Euclidean character become measurable, since the an- 
gular deviation from 180 degrees grows with the size of 
the triangle. If we could measure the angles of a triangle 
whose comers were represented by three fixed stars, or 
better, by three galaxies, we would actually observe that 
the angular sum is more than 180 degrees. We shall have 
to wait for the establishment of cosmic travel before such 
a direct test can be made, since we would have to visit 
each of the three stars separately in order to be able to 
measure the three angles. So we have to be satisfied by 
the use of indirect methods of inference, which even in 
the present status of our knowledge indicate that stellar 
geometry is non-Euclidean. 

There is a further addition made by Einstein. Accord- 
ing to his conception the cause of the deviation from 
Euclidean geometry is to be found in the gravitational 
forces originating from the masses of the stars. In the 
neighborhood of a star the deviations are stronger than 
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etry lead to synthetic statements. The axioms then re- 
quire an interpretation through coordinative definitions 
and thus become statements about physical objects; and 
geometry is thus made a system which is descriptive of the 
physical world. In that meaning, however, it is not a 
priori, but of an empirical nature. There is no synthetic 
a priori of geometry: either geometry is a priori, and then 
it is mathematical geometry and analytic — or geometry 
is synthetic, and then it is physical geometry and empir- 
ical. The evolution of geometry culminates in the disin- 
tegration of the synthetic a priori. 

One question remains to be answered, the question of 
visualization. How can we ever visualize non-Euclidean 
relations in the way we can see the Euclidean relations? 
It may be true that by means of mathematical formulas 
we are able to deal with non-Euclidean geometries; but 
will they ever be as presentative as the Euclidean geom- 
etry, that is, will we be able to see their rules in our im- 
agination in the way we see the Euclidean rules? 

The foregoing analysis enables us to answer this ques- 
tion satisfactorily. Euclidean geometry is the geometry 
of our physical environment; no wonder that our visual 
conceptions have become adjusted to this environment 
and thus follow Euclidean rules. Should we ever live in 
an environment whose geometrical structure is notice- 
ably different from Euclidean geometry, we would get 
adjusted to the new environment and learn to see non- 
Euclidean triangles and laws in the same way that we 
now see Euclidean structures. We would find it natural 
that the angles in a triangle add up to more than 180 de- 
grees and would learn to estimate distances in terms of 
the congruence defined by the solid bodies of that world. 
To imagine geometrical relations visually means to im- 
agine the experiences which we would have if we lived 
in a world where those relations hold. It was the physicist 
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thousand years, had remained unquestioned: on the 
conception that geometry is both a product o£ reason and 
descriptive o£ the physical world. Empiricist philos- 
ophers had fought in vain apinst this argument; the 
rationalist had the mathematician on his side, and the 
battle against his logic appeared hopeless. With the dis- 
covery o£ non-Euclidean geometries the situation was re- 
versed. The mathematician discovered that what he 
could prove was merely the system of mathematical im- 
plications, of if-then relations leading from the axioms 
of geometry to its theorems. He no longer felt entitled to 
aisert the axioms as true, and he left this assertion to the 
physicist. Mathematical geometry was thus reduced to 
analytic truth, and the synthetic part of geometry was 
surrendered to empirical science. The rationalist philos- 
opher had lost his most powerful ally, and the patli was 
free for empiricism. 

Had these mathematical developments begun some 
two thousand years earlier, the history of philosophy 
would present a different picture. In fact, one of Euclid’s 
disciples might very well have been a Bolyai and might 
have discovered the non-Euclidean geometry; the ele- 
ments of this geometry can be developed with rather 
simple means of the kind available in Euclid’s era. After 
all, the heliocentric system was discovered in that time, 
and Greek-Roman civilization had developed forms of 
abstract thought that rank with those of modern times. 
Such a mathematical development would have greatly 
changed the systems of the philosophers. Plato’s doctrine 
of ideas would have been abandoned as lacking its basis 
in geometrical knowledge. The skeptics would have had 
no inducement to be more skeptical toward empirical 
knowledge than toward geometry and might have found 
the courage to teach a positive empiricism. The Middle 
Ages would have found no consistent rationalism which 
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9 . 

What Is Time? 


^ — ■ ■"'<QiME IS one o£ the most conspicuous diaracter- 
■ ' isticsoE human experience. Our senses present 

R us their perceptions in the order of time; 
through them we participate in the general 
flow of time that passes through the universe, producing 
event after event and leaving its products behind itself, 
crystallizations of some fluid entity that was future and 
now is unalterable past. We are placed in the center of 
the flow, called the present; but what now is the present 
slides into the past, while we move along to a new present, 
forever remaining in the eternal now. We cannot stop the 
flow, we cannot reverse it and make the past come back; 
it carries us along relentlessly and does not grant us a 
delay. 

The mathematician who attempts to translate this 
psychological description of time into the language of 
mathematical equations finds himself confronted by no 
easy task No wonder that he begins by simplifying his 
problem He omits the emotional parts of the descrip- 
tion, concentrates his attention on the objective structure 
of the time relation, and hopes thus to arrive at a logical 
construction which can account for all we know about 
time. What we feel about it should, then, be explainable 
as tlie reaction of an emotional organism to a physical 
structure of those characteristics 

Such a procedure might disappoint the poetically 
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How does the astronomer know that sidereal time is 
really uniform? When we ask him, he will answer 
that, strictly speaking, even sidereal time is not quite 
uniform, because the axis of the rotation of the earth does 
not remain oriented in one direction, but precesses, that 
is, pendulates slightly in a way reminiscent of the sway- 
ing motion of a spinning top. (The precession is a very 
slow motion, however, since it takes about 25,000 years 
to complete one turn.) What tlie astronomer calls uniform 
time is therefore something not directly observable; he 
has to figure it out by means of his mathematical equa- 
tions, and his results will appear in the form of certain 
corrections he adds to the observed figures. Uniform time, 
then, is some time-flow which the astronomer projects 
into the observable data by reference to mathematical 
equations. 

There is but one question left. How does the astrono- 
mer know that his equations determine a strictly uniform 
time? The astronomer may answer that his equations ex- 
press laws of mechanics and that they are valid because 
they are derived from the observation of nature. But in 
order to test these laws of observation we must possess 
a reference time, that is, a uniform time in terms of which 
we find out whether a certain motion is uniform, else we 
have no means to tell whether the laws of mechanics are 
true. We arrive at a circular reasoning. In order to know 
the uniform time we have to know the laws of mechanics, 
and in order to know the laws of mechanics we have to 
know the uniform time. 

There is only one way to escape a circularity of this 
kind, namely, to regard the question of uniform time 
not as a matter of cognition, but of definition. We must 
not ask whether it is true that the time of the astronomer 
is uniform; we must say that astronomic time defines uni- 
form time. There is no really uniform time; we call a 
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various possible metrics o£ time, time order should be the 
same, and it must therefore be possible to define temporal 
sequence otherwise than by reference to the figures on 
watches. 

A short survey of the methods by which we judge time 
order shows that one fundamental criterion of temporal 
sequence is always required. The cause must precede the 
effect; therefore, if one event is known to be the cause 
of another event, the first must be earlier than the second. 
For instance, if a detective discovers at a hidden spot a 
golden treasure wrapped in a newspaper, he kno^vs that 
the wrapping of the treasure was not done before the 
date primed on the paper, since the printing of the paper 
was the cause that produced this copy of tlie newspaper. 
The relation of time order, ilierefore, is reducible to the 
relation of cause and effect. 

We need not study at tiiis place the cause-effect relation, 
which will concern us in a later chapter. Suffice it to say 
that causal connection expresses an if-then relation, test- 
able through repeated occurrence of events of the same 
type. What we have to explain, however, is how to distin- 
guish the cause from the effect. It would not help us to 
say that the cause is the earlier one of the two connected 
events, since we wish to define time order in terms of 
causal order; we must therefore be in possession of an 
independent criterion distinguishing the cause from the 
effect. 

A study of simple instances of the causal relation shows 
us that there exist natural processes which clearly differ- 
entiate between the cause and the effect. Of this kind are 
processes of mixture and similar processes that proceed 
from an ordered state to a state of disorder. The physicist 
speaks of irreversible processes. Imagine you have in your 
hands a film taken with a motion picture camera and 
want to know which way it should be reeled. You see on 
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one frame a cup of coffee with cream and an empty pitcher 
beside it, on another one, not far away from tlie first, 
the same cup filled with black coffee and the pitcher 
filled with cream beside it. Then you know tliat die sec- 
ond frame was taken before the other one, and you know 
which way to reel the film. We can mix coffee and cream, 
but we cannot unmix it. Or if one observer tells you he 
saw the burnt-out ruins of a house and another observer 
informs you that he saw the house undestroyed, you know 
the second observation was earlier dian the first. The 
process of burning is irreversible, and the possibility diat 
die house was rebuilt in the same shape may be excluded 
by die fact that wg know the time interval between the 
two observations to be not longer Uian a feisr days. The 
relation between irreversibility and time order is ivell 
illustrated by the series of pictures which we see when 
a motion picture is run in reverse. The strange aspect of 
cigarettes becoming longer and longer ivhile diey burn, 
or of pieces of broken pottery diat rise from the floor to 
the table and assemble into neat dishes and cups, is 
evidence of the fact diat we judge about dme order in 
terms of irreversible physical processes. (A closer study 
of irreversibility will be given in Chapter lo.) 

The fact diat the relation of causality establislies a 
serial order of pliysical events constitutes one of die 
fundamental features of die world in which we live. ^Ve 
must not believe diat the existence of this serial order 
is logically necessary; wc could imagine a world iu wlucli 
causality does not lead to a consistent order of earlier 
and latcn In such a world die past and die future would 
not be irrevocably separated, but could come togcUier 
in die same present, and wc could meet our former selves 
of several years ago and talk to diem. It is an empirical 
fact Uiat our world is not of dus t)pc but admits of a 
consistent order in tenns of a serial rcladoii based on 
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causal relationship and called time. Time order reflects 
the causal order of the universe. 

The definition of time sequence has a counterpart in 
the definition of simultaneity. We call two events simul- 
taneous if neither of them is earlier or later tlian die 
other. The problem of simultaneity leads into peculiar 
consequences, when events at distant places are compared, 
a problem that has acquired fame dirough Einstein’s 
analysis. 

When we wish to know the time of a distant event, 
we use a signal that transmits to us die message of the 
occurrence of the event. But since the signal takes time 
for traveling along its path, the moment of the arrival 
of the signal at our place is not identical with the time 
of the event we wish to ascertain. This fact is familiar 
from the use of sound signals. When we hear die tliunder, 
several seconds have passed since it originated in a distant 
cloud. The light ray produced by the flash of lightning 
travels much faster, so that the moment of die aspect of 
the flash can be identified, for all practical purposes, ividi 
the time when the flash occurred in the cloud. For a more 
precise measurement, however, the time determination 
of the flash of lightning is of the same type as the time 
determination of the thunder stroke, and we would have 
to include in our consideration the time which it takes 
the light ray to travel from the cloud to our eyes. 

The time of the transmission of the light could be 
easily figured out, if we knew the speed'of light and the 
distance traveled. The problem is how to measure the 
speed of light. In order to measure a speed we have to 
send a light ray from one point to a distant point, observe 
the time of the departure and the time of the arrival, and 
thus ascertain the time of the transmission. Dividing this 
time into the length of the traveled path, we obtain the 
speed. But for the measurements of the time of the de- 
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parture and the time of the arrival we need nvo watches, 
since tliese measurements occur at different space points. 
These watclies must be set to each other, or synchronized, 
that is, tliey must show equal readings at equal times. 
That means we must be able to determine simultaneity 
at distant points. Our considerations have led us in a 
circle: we wanted to measure simultaneity and iound that 
we have to know the speed of light for this measurement, 
and we saw tltat in order to measure the speed of light we 
have to know simultaneity. 

It would be a way out if we could measure the speed of 
light by the use of one watch alone. For instance, instead 
of measuring the time of arrival of the light signal at the 
distant point, we might reflect die light ray by a mirror, 
so that it goes back to die first point. The time interval 
used for the round trip dien might be measured by one 
watdi alone. In order to determine the speed of light we 
would have to divide the time of the round trip into the 
double amount of die distance. Promising as this method 
appears at first sight, it reveals its inadequacy at closer 
inspection. How do we know that the Iiglu ray travels 
on the way back at die same speed that it traveled on die 
way forth? Unless we know this equality, die figure ob- 
tained for the speed makes no sense. But in order to com- 
pare the speeds on the two ways wc ivould have to measure 
the speed for each way separately. Such a measurement 
requires two watches, and we thus arrive at die same diffi- 
culty as before. 

The attempt might be made to ascertain simultaneity 
by the transport of u'atclics. Tivo watches arc set to each 
other and show the same reading as long as they bodi re- 
main at die same space point: then one uatcli is trans- 
ported to the distant point. But liow do wc know that tlie 
transported watch remains syndironizcd during the trans- 
portation? In order to test the sjnchronisni of die watclics 
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we would have to use light signals and thus arrive at the 
same problem as before. Transporting the second watch 
back to tlie first space point would not help us, because 
we thus would obtain a result only for the case that the 
two watches are close to each other. This problem re- 
sembles that of the comparison of measuring rods at 
different points, discussed above. 

Incidentally, the problem of transported watches is 
even more complicated than that of transported measur- 
ing rods; according to Einstein the transported watch 
after its round trip would be slow, if compared with the 
watch that remained all the time at its place. This result 
has important logical consequences. It applies to all 
kinds of watches, including atoms, which indicate the 
period of their rotation in the color of the light radiation 
emitted by them; and experiments with rapidly moving 
atoms have confirmed the delay in rotation predicted by 
Einstein. As living organisms are built up of atoms, any 
delay in atomic occurrences must express itself in a delay 
of the process of aging to which the organism is subjected. 
It follows that living persons traveling at great speed 
would be delayed in their aging process and that, for 
instance, if one of two twins goes on a cosmic trip, he 
would be younger than the other after his return (though 
he, too, would be older than he was when he left). This 
conclusion follows with unquestionable logic from Ein- 
stein’s well-confirmed theory. 

Returning to the problem of simultaneity, we come 
to the result that transported -watches cannot be used for 
the definition of the relation “taking place at the same 
time”. We have to look for suitable signals to achieve 
this definition. As light signals, though very fast, have a 
limited speed, it would help us if we had faster signals 
than light at our disposal. When we wish to measure the 
speed of sound, we can use light signals for the com- 

152 



9* WHAT IS TIME? 

parison of time, because the speed of light is so mucli 
greater than that of sound; the error tlius committed is 
numerically so small that it can be neglected. Similarly, 
if we had a signal a million times faster than light, we 
could measure the speed of light with sufficient exactness 
by disregarding the time of transmission for the faster 
signal. Now this is another point where Einstein’s physics 
differs from classical physics. According to Einstein there 
can be no faster signal than light. This does not only mean 
that no faster signal is known to us; for Einstein, tlie 
statement that light is the fastest signal is a law of nature, 
which may be called the principle of the limiting charac- 
ter of the speed of light. Einstein has adduced conclusive 
evidence for the principle, and we have as little reason to 
question it as we have to question the principle of tlie 
conservation of energy. 

In combination irith die previous analysis of die mean- 
ing of temporal sequence, Einstein’s principle leads to 
strange consequences concerning simultaneity. Suppose 
a light signal is sent at 12 o’clock to die planet Mars and 
reflected from there; it will return, say after twenty min- 
utes. What time should we assign to die moment of die 
arrival of the signal at die planet Mars? Putting this time 
equal to 12:10 means assuming equality of the speed of 
light for both ivays; but we saw that we have no reason 
to assume this equality. In fact, any time of die interval 
between 12:00 and 12:20 can be assigned to die moment 
of tile arrival of the light signal at A/ars. Wc coaid, for 
instance, say that the signal arrived at 12:05; it then niak« 
the first way in five minutes and the way back in fifteen 
minutes. What our definition of time sequence excludes 
is to say dial tlie liglu arrived at the Mars station at 11:55, 
because on this time assignment die signal would aiTi\c 
before the time of its departure, and the effect ivould be 
earlier dian die cause. But as long as wc select for the 
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time o£ arrival at Mars a figure of the interval from 12:00 
to 12:20, the definition of time order remains satisfied. 
Any event of this time interval, happening at our own 
location, is excluded from causal interaction witli the 
event at Mars specified by the arrival of the light signal. 
Because simultaneity means the exclusion of possible 
causal interaction, any event of tins time interval at our 
place may be called simultaneous with the arrival of the 
light signal at Mars. This is what Einstein calls the 
relativity of simultaneity. 

We see that the causal definition of time order leads to 
an indeterminacy with respect to the temporal compari* 
son of events at distant points. It does so because of the 
limiting character of the speed of light. Absolute time, 
that is, unambiguous simultaneity, would exist in a world 
in which there were no upper limit for the speed of sig- 
nals. But because in our world die speed of causal trans- 
mission is limited, there is no absolute simultaneity. The 
causal theory of time explains the meaning of temporal 
sequence and of simultaneity in such a ^sfay tliat tlie ex- 
planation is applicable to the world of classical physics 
as well as to our world, in which the speed of causal trans- 
mission is subject to an upper limit and simultaneity is 
not unambiguously defined. 

With these results the problem of time finds a solution 
similar to that of space. Time, like space, is not an ideal 
entity of a Platonic existence perceived by an act of 
vision, or a subjective form of order imposed upon tlie 
world by the human observer, as Kant believed. The 
human mind is capable of conceiving of different systems 
of time order, among which classical time is one system 
and Einstein’s time, with its limitation of the speed of 
causal transmission, is another. Among this plurality of 
possible systems, the selection of the time order that 
holds for our world is an empirical matter. Time order 
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formulates a general property of tlie universe in which 
we live; time is real in the sense space is real, and our 
knowledge of time is not a priori, but the result of ob- 
servation. The determination of the actual structure of 
time is a chapter of physics — tliis is the result of tlie 
philosophy of time. 

Surprising as tlie relativity of simultaneity may appear, 
it is logical and accessible to visualization. The strange- 
ness of Einstein’s conceptions would disappear in a world 
in which the restrictions of causal transmission would be- 
come more evident. If some day a radio-telephone con- 
nection with Mars is established and we have to wait 
twenty minutes for a reply to any question asked over the 
telephone, ive shall get accustomed to the relativity of 
simultaneity and regard it as quite natural — ^just as, to- 
day, we regard as quite in order the different standard 
times of the time zones into which the surface of tliis 
globe is divided. And if some day interplanetary travel is 
instituted, it will appear familiar to us that persons re- 
turning from long trips have been delayed in their process 
of aging and have remained behind tlie age of otlier per- 
sons, who originally were of tlie same age. Results whidi 
tlie scientist finds tlirough abstract reasoning and whidi 
at first acquaintance require tfie abandonment of tradi- 
tional beliefs often become familiar habits for later gen- 
erations. 

Scientific analysis has led to an interpretation of time 
very different from tlie experience of time in everyday 
life. What we feel as tlie flow of time has been revealed 
to be identical with tlie causal process tliat constitutes 
tliis ivorld. The structure of tliis causal flux has been dis- 
covered as being of a much more complicated nature 
than is exhibited by tlie time presented in direct obscr\’a- 
tion — until some day witli tlictxinqucst of interplanetary 
distances tiic time of everyday life will ha\c become as 
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complicated as that o£ the tlicoretical science of today. 
It IS true that science abstracu from emotional content 
in order to proceed to logical analysis. Cut it is also true 
that science opens up new possibilities, which some day 
might acquaint us witit emotions never experienced be- 
fore. 
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10 . 

The Laws of Nature 


T he idea of causality has stood in tlie foreground 
of every tlieory of knowledge of modern times. 
The fact tliat nature lends itself to a descrip* 
tion in terms of causal laws suggests the con* 
ception that reason controls the happenings of nature; 
and the foregoing presentation of the influence which 
Newton’s mechanics had on philosophical systems (chap. 
6) makes it evident tliat the concept of a synthetic a priori 
has its roots in a deterministic interpretation of the 
physical world. Since the physics of an era deeply Influ* 
ences its tlieory of knowledge, it will be necessary to study 
tlie development which the concept of causality under- 
went in the physics of the ninetecntli and twentietli 
centuries — a development which led to a revision of the 
idea of laws of nature and terminated in a new philosophy 
of causality. 

The exposition of this historical process will be greatly 
facilitated if it is preceded by an analysis of the meaning 
of causality. These considerations may be attached to 
die inquiry into die meaning of e.xplanation (given above 
in chap. 2 ), according to wliicli explanation is gencraliz.v 
tion. Since explanation is reduction to causes, the causal 
relation is to be given die same interpretation. In fact, 
by a causal law die scientist understands a relation of die 
form widi die addition diat the same rcl.nion 

holds at all times. To say diat the electric current causes a 
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deflection of the magnetic needle means that wlicnever 
tliere is an electric current tlierc is always a deflection of 
the magnetic needle. The addition in terms of always dis- 
tinguishes the causal law from a chance coincidence- It 
once happened tliat while the screen of a motion picture 
theater showed the blasting of lumber, a slight earth- 
quake shook the theater. The spectators had a momentary 
feeling that the explosion on the screen caused the shak- 
ing of the theater. When we refuse to accept this inter- 
pretation, we refer to the fact that the observed coinci- 
dence was not repeatable. 

Since repetition is all tliat distinguishes the causal law 
from a mere coincidence, the meaning of causal relation 
consists in the statement of an exceptionless repetition — 
it is unnecessary to assume that it means more. The idea 
that a cause is connected with its effect by a sort of hidden 
string, that die effect is forced to follow the cause, is an- 
thropomorphic in its origin and is dispensable; if-then 
always is all that is meant by a causal relation. If die 
theater would always shake when an explosion is visible 
on the screen, then diere would be a causal relationship. 
We do not mean anydiingelse when we speak of causality. 

True, ive sometimes do not stop with the assertion of an 
exceptionless coincidence, but look for further explana- 
tion Pressing a certain button always is accompanied by 
a ringing of a bell — this regular coincidence is explained 
by the laws of electricity, which reveal the ringing of the 
bell to be a consequence of the relations between electric 
current and magneusm. But if we proceed to a formula- 
tion of these laws, we find that they, in turn, consist in the 
statement of an if-then always relation. The superiority 
of the laws of nature over simple regularities of the push- 
button type consists merely in their greater generality. 
They formulate relations which are manifested in various 
individual applications of very different kinds. The laws 
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of electricity, for instance, state relations o£ permanent 
coincidences observable in push-button bells, electric 
motors, radios, and cyclotrons. 

The interpretation of causality in terms of generality, 
clearly formulated in the rmtings of David Hume, is now 
generally accepted by the scientist. Laws of nature are 
for him statements of an exceptionless repetition — not 
more. This analysis not only clarifies the meaning of 
causality; it also opens the path for an extension of cau- 
sality which has turned out to be indispensable for tile 
understanding of modem science. 

The laws of statistics, originally observed for the re- 
sults of games of chance, were soon discovered also to ap- 
ply to many other domains. The first social statistics were 
compiled in the seventeenth century; the nineteenth 
century brought die introduction of statistical considera- 
tions into physics. The kinetic dieory of gases, according 
to which a gas consists of a great many little particles, 
called molecules, which swarm in all directions, collide 
witli each otlier, and describe zigzag patlis at an enormous 
speed, was constructed by the help of statistical computa- 
tions. The statistical meUiod arrived at its greatest tri- 
umph ivhen it succeeded in explaining die phenomena 
of irreversibility, which characicrize all thermic processes 
and whidi are so closely connected widi die direction of 
time. 

Everybody knows that heat flows from die hotter body 
to die colder one, and not vice versa. "When wc Uirow an 
ice cube into a glass of water, die water becomes colder, 
its heat ivandcring into die icc and dissolving it. This fact 
cannot be derived from die law of die conservation of 
energy. TIic ice cube is not so vciy cold and it still con- 
tains a great amount of heat; so it might very ucll give 
off part of its heat to die surrounding water and make it 
vvarmcr, die icc itself becoming colder. Such a process 
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would be in agreement with the law o£ the conservation 
of energy, if the amount of heat given off by the ice equals 
the amount received by the ivater. The fact that a process 
of this kind does not happen, that heat energy moves 
only in one direction, must be formulated as an independ- 
ent law; it is this law which we call the larv of irreversi- 
bility. The physicist often calls it the second principle of 
thermodynamics, reserving the name of the first principle 
to the law of the conservation of energy. 

The wording of the principle of irreversibility must 
be very carefully given. It is not true that heat always 
flows from the higher temperature to the lower one. 
Every refrigerator is an example to the contrary. The 
machine pumps heat from die interior of the ice box to 
the outside, thus making the interior cooler and the sur- 
roundings warmer. But it can do so only because it uses 
up a certain amount of mechanical energy supplied by 
the electric motor; this energy is transformed into heat of 
the average temperature of the room. The physicist has 
shown that the amount of mechanical energy transformed 
into heat is greater than the amount of heat energy with- 
drawn from the interior of the refrigerator. If we regard 
heat of a higher temperature, or mechanical or electric 
energy, as an energy of a higher level, there is more energy 
going down than going up in the refrigerator. The prin- 
ciple of irreversibility is to be formulated as a statement 
that if all processes involved are included in the con- 
sideration, the total energy goes down, so that on the 
whole there is a tendency to compensation. 

It was the discovery of the Vienna physicist Boltzmann 
that the principle of irreversibility is explainable through 
statistical considerations. The amount of heat in a body 
is given by the motion of its molecules; the greater the 
average speed of the molecule, the higher the tempera- 
ture. It must be realized that this statement refers only 
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to the average speed of the molecule; tlie individual 
molecules may have very different speeds. If a hot body 
comes into contact with a cold body, their molecules 
will collide. It may occasionally happen that a slow mole- 
cule hitting a fast one loses all its speed and makes the 
fast molecule even faster. But that is the exception; on the 
average there will be an equalization of the speeds 
tlirough the collisions. The irreversibility of heat proc- 
esses is thus explained as a phenomenon of mixture, com- 
parable to die shufiling of cards, or the mixing of gases 
and liquids. 

Though this explanation makes the laiv of irreversi- 
bility appear plausible, it also leads to an unexpected and 
serious consequence. It deprives the law of its strictness 
and makes it a law of probability. When we shuffle cards, 
we cannot call it impossible that our slmffling ivill eventu- 
ally lead to an arrangement in whidi die first half of the 
deck contains all the red cards and the second half all die 
black ones; to arrive at such an arrangement must merely 
be called very improbable. All statisdcal laws are of this 
type. They supply a liigh probability for unordered ar- 
rangements, and leave only a low probability for ordered 
arrangements. The larger die number involved, the 
smaller die probability of die ordered arrangements; but 
this probability will never become zero. Tlie phenomena 
of diermodynamics refer to very large numbers of indi- 
vidual occurrences, since the number of molecules is 
very large, and dicrefore involve extremely higli proba- 
bilities for processes going in the direction of a coiiipcn- 
sadon. But a process going in the opposite direction can- 
not striedy be called impossible. For instance, wc cannot 
exclude die possibility diat some day the molecules of 
die air in our room, by purccliancc, arrive at an ordered 
state such diat die molecules of ox)gcn are assembled on 
one side of the room and those of nitrogen on die odicr. 
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Unpleasant as the prospect o£ sitting on the nitrogen side 
of the room may be, the possibility of such an occurrence 
cannot be absolutely excluded. Similarly, the physicist 
cannot exclude the possibility that, when you put an ice 
cube into a glass of water, the water starts boiling and 
the ice cube gets as cold as the interior of a deep-freezing 
cabinet. It may be a consolation to know that this proba- 
bility is much lower than the probability of a fire break- 
ing out at the same time in each house of a city by inde- 
pendent causes. 

Whereas the practical consequences of the statistical 
interpretation of the law of irreversibility are insignifi- 
cant because of the low probabilities for processes in the 
contrary direction, the theoretical consequences are of 
greatest significance. What was before a strict law of na- 
ture has been revealed as being merely a statistical law; 
the certainty of the law of nature has been replaced by 
a high probability. With this result the tlieory of causality 
entered into a new stage. The question arose whether 
the same fate might befall other laws of nature, and 
whether there would remain any strict causal laivs. 

The discussion of the problem led to two opposite 
conceptions. According to the first conception the use of 
statistical laws merely represents an expression of ig- 
norance: if the physicist were able to observe and calcu- 
late the individual motion of every molecule, he would 
not have to resort to statistical laws and would give a 
strictly causal account of thermodynamic processes. La- 
place’s superman could do so; for him the path of every 
molecule would be foreseeable like the path of the stars, 
and he would not need any statistical laws. This concep- 
tion does not abandon the idea of a strict causality; it 
merely regards causality as inaccessible to human knowl- 
edge, which by reason of its imperfection has to resort to 
probability laws. 
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The second conception represents the opposite point of 
view. It does not adhere to the belief in a strict causality 
of the motion of the individual molecule. It advances tlie 
opinion that what we observe as a causal law of nature is 
always the product of a great number of atomic occur* 
rences; the idea of a strict causality may tlierefore be 
conceived as an idealization of the regularities of tlie 
macroscopic environment in whicli we live, as a simplifi- 
cation into which we are led because the great number of 
elementary processes involved makes us regard as a strict 
\aw what actually is a statistical law. According to this 
conception we are not entitled to transfer the idea of 
strict causality to die microscopic domain. Wc liavc no 
reason to assume that molecules are controlled by strict 
laws; equal initial situations of a molecule might be 
followed by di/Terent future situations, and even La- 
place’s superman could not predict tlie path of a mole- 
cule. 

The issue is whether causality is an ultimate principle 
or merely a substitute for statistical regularity, applicable 
to tlie macroscopic domain but inadmissible for tiie 
realm of the atoms. On Uic basis of the physics of Uie 
nineteenth century the question could not be ansivcrcd. 

It was the physics of tlie twentieth century, ivith its analy- 
sis of atomic occurrences in terms of Planck’s concept of 
die quantum, tliat gave the answer. From the investiga- 
tions of modern quantum mechanics wc know tliat Uic 
individual atomic occurrences do not lend themselves to 
acausal interpretation and arc merely controlled by proI> 
ability laws. This result, formulated in Heisenbergs 
famous principle of indctcnninacy, constitutes the proof 
iliat the second conception is the correct one, that i!ic idea 
of a strict causality is to be abandoned, and that the laws 
of probability take over the place once occupied by the 
law of causality. 
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I£ the logical analysis o£ causality, as set forth at the 
beginning of this chapter, is kept in mind, this result will 
appear as a natural extension of the older views. Causality 
^vas to be formulated as a law of exceptionless generality, 
as an if-then always relation. Probability laws are laws 
that have exceptions, but exceptions that occur in a regu- 
lar percentage of instances. The probability law is an 
if-then in a certain percentage relation. Modem logic 
oSers the means of dealing widi such a relation, which in 
contradistinction to the implication of usual logic is 
called a probability implication. The causal structure 
of the physical world is replaced by a probability struc- 
ture, and the understanding of the physical world pre- 
supposes the elaboration of a theory of probability. 

It should be realized that even without the results of 
quantum mechanics, the analysis of causality shows that 
probability notions are indispensable. In classical physics 
the causal law is an idealization, and the actual occur- 
rences are more complex than is assumed for the causal 
description. When a physicist calculates the trajectory of 
a bullet fired by a gun, he figures it out in terms of some 
major factors, such as the powder charge and the inclina- 
tion of the barrel; but because he cannot take into ac- 
count all the minor factors, like the direction of the wind 
and the moisture of the air, his calculation is limited in 
its exactness. That means he can predict the point where 
the bullet will hit only with a certain probability. Or if 
an engineer constructs a bridge, he can predict its capac- 
ity only with a certain probability; circumstances may 
occur which he did not anticipate and which make the 
bridge break down under a smaller load. The law of 
causality, even if true, holds only for ideal objects; the 
actual objects we deal -with are controllable only witliin 
the limits of a certain high probability because we cannot 
exhaustively describe their causal structure. The signih" 
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cance of the probability concept Tvas seen for such reasons 
before the discoveries of quantum mechanics. After 
these discoveries it is even more obvious tliat no philoso' 
pher can evade tlie concept of probability, if he ^vants 
to understand the structure of knowledge. 

The philosophy of rationalism has at all times referred 
to causality for a demonstration of the rational character 
of this world. Spinoza’s conception of a predetermined 
universe is unthinkable without a belief in causality, 
Leibniz’ idea of a logical necessity, acting behind physical 
occurrences, is dependent on tlie assumption of a causal 
connection of all phenomena. Kant’s tlieory of a synthetic 
a priori knowledge of nature quotes, in addition to tlie 
laws of space and time, the principle of causality as the 
foremost instance of such knowledge. Like die develop* 
menc of the problems of space and time, tliat of tlie prin- 
ciple of causality has led, ever since the death of Kant, 
to a disintegration of the synthetic a priori. The founda- 
tions of rationalism were shaken by tlie very discipline 
tliat had supplied — with its mathematical interpretation 
of nature — tlie rationalist's major support. The empiri- 
cist of modern times derives his most conclusive argu- 
ments from mathematical physics. 



11 . 

Are There Atoms? 


T hat matter consists of small particles, called 
atoms, is regarded as an established fact by the 
educated man of our day. If he has not learned 
it in school the newspapers have told him so. 
It seems evident that because there exist atom bombs 
there must also exist atoms. 

The historian of science would display a more critical 
attitude. He knows that the existence of the atom has 
been contended since ancient times, but that it has always 
been controversial and that strong arguments have been 
adduced both in favor of the atom and against it. If his 
history of science includes the last twenty-five years, he 
knows, too, that although during the nineteenth century 
the theory of the atom had reached a stage at which the 
existence of the atom appeared unquestionable, recent 
developments have renewed the controversy and have 
made the existence of the atom more questionable than 
ever. 

We date the theory of the atom from the philosophy of 
Democritus (420 b c.), one of the prominent figures of 
Oreek philosophy. Democritus saw that the physical prop- 
erties of matter, its compressibility, and divisibility, can 
be well explained when we assume that matter consists 
ot little particles. Compressing a substance then consists 
in pushing the atoms closer together, while the atoms 
themselves are perfectly solid and remain unchanged in 
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size. Democritus’ theory is a good illustration of what 
reasoning can achieve and what it cannot do. It can offer 
possible explanations; ■whether the explanation is true, 
however, cannot be found out by reasoning, but must be 
left to observation. The Greeks were not able to verify 
tlie theory of atoms by an empirical test. They attempted 
to supplement the theory by furtlier theory ratlier tlian 
by observation. They believed tliat atoms were held to- 
gether by little hooks; tliat a finer substance, like the 
soul or tile fire, ivas composed of very small and smootli 
atoms; and that larger bodies ivere formed by the gather- 
ing of atoms of equal size, a natural process exemplified 
in the sorting of pebbles by die surf. But imagination 
uninhibited by some test through experiment opens the 
door to empty speculation. For instance, one of the philo- 
sophic controversies concerning atomism was die ques- 
tion whether the empty space between die atoms was a 
logically permissible concept; an empty space is nodiing, 
and if diere is nodiing between die atoms, they must 
toudi eacli other and form a solid mass — in whicli case 
diere would be no atoms. 

The theory of die atom was transplanted from die 
ground of plulosopiiical speculation to the soil of scien- 
tific rescardi when, at die eve of die nineteenth century, 
it was given a foundation by quantitative experiments. 

J. Dalton me.'isurcd die ratios of weights by which chem- 
ical elements enter into compounds, and discovered that 
these ratios arc fixed and given by simple vsliole num- 
bers. For instance, die two components of ivatcr, hydro- 
gen and oxygen, always combine in die ratio one to eight; 
if originally more of one substance is present, it is not 
included in the compound. Dalton saw that ilicsc quan- 
litniiv c ratios call for an atomic explanation. The smallest 
paru of matter, tlic atoms, combine in fixed ratios: 
atoms of hydrogen combine wiili one atom of oxygen, 
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and the ratio of weights of the atoms is portrayed by the 
ratio observed in Dalton’s measurements. 

From the time of Dalton’s law the history of the atom 
has been a march of triumph. Wherever the concept of 
the atom was employed for the interpretation of observa- 
tional measurements, it supplied lucid explanation; con- 
versely, such success became over^vhelming evidence for 
the existence of the atom. In the kinetic theory of gases 
it was possible not only to explain the thermic behavior 
of gases from atomic conceptions, but also to compute the 
number of atoms or molecules in one cubic inch. This 
enormous number, which is written with twenty-one 
digits, presents a proof of the extreme smallness of the 
individual atom. The complicated structures of organic 
bodies could be explained as being built up by molecules 
composed of hundreds of atoms. The industrial achieve- 
ments of chemistry would have been impossible without 
the theory of the atom. 

The physicist, furthermore, saw that atomism is not 
restricted to matter; electricity, too, must be regarded as 
consisting of atoms. The atoms of electricity were dis- 
covered around the end of the nineteenth century and 
were called electrons; strangely enough they all carried a 
negative electric charge, and for some decades the physi- 
cists believed that tlie positive atoms of electricity could 
not be separated from matter. Recent discoveries have 
shown that there are also positive electrons, usually called 
positrons. Other recent investigations have revealed the 
existence of further elementary particles of matter, 
among which the neutrons play an important part. 

While the triumphal march of the atom went on 
through so many domains of science, it was stopped short 
in one important domain: in the theory of light. Isaac 
Newton, known for his theory of gravitation, was also 
one of the greatest explorers of optics. He saw that the 
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Straight-line character o£ light rays is explainable on tlie 
assumption tliat light consists o£ small particles ejected 
at great speed from tlie light source. Following die laws 
o£ motion, such particles will travel along straight paths. 
Newton thus was the author o£ die corpuscular theory o 
liirht, which remained dominant until die beginning ot 
the nineteendi eentury. The wave theory of light, die 
invention of his contemporary C. Huyghens, met wi i 
litde suecess at its inception. A full century elapse - 
fore certain decisive experiments were ^ 

proved die undulatory character of light and 
an end to the atomistic interpretation of light ^ 
experiments were centered around die 
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Hertz put it in an address given on a meeting of the 
German association of scientists in the year 1888. 

At about the end of the nineteenth century physics had 
reached an apparently final stage: light and matter, the 
two great manifestations of physical reality, seemed to 
be known in their ultimate structure. Light consisted of 
waves and matter of atoms. Anyone who dared to ques- 
tion these foundations of the science of physics , would 
have been regarded as a dilettante, or an eccentric, and 
no serious scientist would have taken the trouble to 
argue with him. 

Physical theories give an account of the observational 
knowledge of their time; they cannot claim to be eternal 
truths. Heinrich Hertz had been careful enough to coin 
the phrase “certainty, humanly speaking”. No deeper in- 
sight has perhaps ever been documented by a physicist’s 
utterance than is expressed in this modest phrase. The 
turn which the theory took a decade after Hertz's words 
is proof of the limits drawn to the certainty of scientific 
theories. 

The year igoo brought M. Planck’s discovery of the 
quantum; the radical change in our understanding of 
physical reality which the twentieth century effected, 
could not be better illustrated than by this coincidence. 
In order to explain the laws found experimentally for the 
emission of radiation by hot bodies, Planck introduced 
the conception that all radiation, including light, is sub- 
ject to a control by whole numbers, that is; proceeds by 
whole numbers of an elementary unit of energy, which 
he called the quantum. According to his conception, 
energy consists of elementary units, the quanta, and 
whenever energy is emitted or absorbed there will be 
one or two or one hundred quanta transported, but never 
will there be a fraction of a quantum. The quantum is 
the atom of energy, with the qualification, however, that 
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the size o£ this atom, that is, tlie amount o£ the energy 
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cept of the quantum of energy. The electrons can only 
revolve on orbits situated at certain definite distances 
from the center, so determined that the mechanical en- 
ergy represented by each orbit is either one, or two, or 
three quanta, and so forth. Strange as this conception ap- 
peared to the physicist in the beginning, it led to an amaz- 
ing success as far as the presentation of observational data 
is concerned, since Bohr’s theory supplied an interpreta- 
tion of the highest precision for the data of spectroscopy, 
that is, for the series of spectral lines that characterize 
each element. The years from 1913 to 1925 became a 
period of extensive application and confirmation of 
Bohr’s theory, which was deepened to supply an account 
of the atomic structure of eacli individual element. 

And yet, in spite of all these successes, the discovery of 
the quantum turned out to be a gift with strings attached. 
In exchange for its explanatory power for spectroscopy, 
inexplicable complications arose on other grounds. The 
very foundations of the quantum conception appeared 
incompatible with the classical theory of the generation 
of electric waves and the phenomenon of interference, 
known from optics. Thus the new theory imperiled the 
consistency of physics: some phenomena required a cor- 
puscular conception of light, others required a wave 
conception, and no way was apparent by which the two 
contradictory theories could be reconciled. 

The strangest phenomenon for the philosophical ob- 
server, however, was the fact that physical research was 
not paralyzed by these contradictions, that the physicist 
managed somehow to go on with two contradictory con- 
ceptions and learned to apply sometimes the one, some- 
times the other, with an amazing success as far as ob- 
servational discoveries are concerned. I do not think this 
fact proves that contradiction is irrelevant for physical 
theories and that only the observational success matters; 
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or that, as Hegelians believe, contradiction is immanent 
in human tliought and acts as its propelling force. I 
tliink it proves that the discovery of new ideas follows 
other laws than laws of logical order; that ° 

half the truth can be a sufficient directive for die creatiw 
mind on its path to the full truth, and that “"“j! 
theories can be helpful only because tliere 
unknown at tliat time, a better which compre 
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quantum, usually called quantum mechanics. His mathe- 
matical tlieory coincided witli some other theories, which 
at first glance looked very different and which were de- 
veloped independently by W. Heisenberg, M. Born, and 
P. Jordan on the one hand and P. Dirac on the other. All 
tliese discoveries were made in the years 1925-1926; and 
in a ratlier short time a new physics o£ tlie elements of 
matter was developed, which placed in tlie hands of the 
physicist a powerful matlicmatical instrument that he had 
yet to learn to handle. The diflicultics in tlie manipula- 
tions of this instrument derived from the duality of waves 
and corpuscles. What docs it mean to say that matter 
consists both of waves and of particles? Although the 
mathematical theory was at hand, its interpretation pre- 
sented great difficulties. We meet here with a develop- 
ment which manifests the relative independence of a 
mathematical formalism; the mathematical symbols have 
a life of their own, so to speak, and lead to the correct 
result even before the symbol-user understands tlicir 
ultimate meaning. 

De Broglie had interpreted the and in its simplest 
sense; he believed that there were particles accompanied 
by waves which travel along with the particle and control 
its motion. Schrodinger, in contrast, believed tliat he 
could dispense with die particles, that there were only 
waves which, however, were accumulated in certain small 
regions of the space so that something resembling a par- 
ticle resulted. He spoke of wave packets behaving like 
particles. After both conceptions had been shown to be 
untenable, Born suggested the idea that the waves do not 
constitute anything material at all but represent proba- 
bilities. His interpretation gave the problem of the atom 
an unexpected turn: the elementary entities were as- 
sumed to be particles, whose behavior was controlled not 
by causal laws, but by probability laws of a form resem- 
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blinn- waves as far as tlieir mathematical structure was 
conc'emed. In this interpretation the waves do not have 
the reality of material objects, but only tliat of mathe- 
matical quantities. j .1,,. 
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ogy, the and belongs, not in physics, but in the philoso- 
phy of physics; it does not refer to physical objects, but to 
possible descriptions of physical objects, and thus falls 
into the realm of the philosopher. 

That is, in fact, tlie final outcome of the controversy 
between the adherents of waves and of corpuscles, which 
began with Huyghens and Newton and, after a develop- 
ment of centuries, climaxed in the quantum mechanics of 
de Broglie, Schrddinger, Born, Heisenberg, and Bohr; 
the question what is matter cannot be answered by physi- 
cal experiments alone, but requires a philosophical analy- 
sis of physics. Its answer is seen to be dependent on the 
question what is knowledge. The philosophic thought 
which stood at the cradle of atomism was replaced in die 
course of the nineteenth century by experimental analy- 
sis; but research finally reached a suge of complication 
which called for a return to philosophical investigation. 
The philosophy of this investigation, however, could not 
be supplied by mere speculation; only a scientific philoso- 
phy was able to come to the assistance of the physicist. 
In order to understand this latest development we shall 
have to inquire into the meaning of statements about the 
physical world. 

Knowledge begins with observation: our senses tell 
us what exists outside our bodies. But we are not satis- 
fied with what we observe; we want to know more, to 
inquire into things that we do not observe direcdy. We 
reach tliis objective by means of thought operations, 
which connect the observational data and account for 
them in terms of unobserved things. This procedure is 
applied in everyday life as well as in science; it is at work, 
when we infer from puddles on the road that it rained 
shortly before, or ^hen the physicist infers from die de- 
flection of a magnetic needle that there is an invisible 
entity, called electricity, in the wire, or when die physi- 
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cian infers from the symptoms of a disease that there are 
certain bacteria in the biood stream of the patient. \ e 
must study the nature of this inference if we wish to 
understand the meaning of physical tlieories. 

The inference may look trivial as long as we do not 
reflect about it; but in deeper analysis it reveals itself ^ 
being of a very complicated structure. You say tliat win e 
you are in your office your house stands unchanged in its 
place. How do you know? You do not see your house 
while you are in your office. You will answer tliat you 
can easily verify your statement by 
looking at your house. It is true that you wi 
your house; but does that observation 
ment? Wliat you said was Uiat your house 
you did not see it; what you verify is t a y 
Aere when you see it. How can you tell whetlier 

tliere while you were absent? „uilr.5nnhers 

I see you are getting indignant. Those 
you say; they are trying to make fools out .ujafter- 
I£ tlie house was there in tl.e morning 
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Crete objects or the constructs of scientific thought. We 
must therefore find better answers to the simple questions 
of everyday life before we can answer scientific questions. 

The Greek philosopher Protagoras, the chief of the 
Sophists, was known for his principle of subjectivity, 
which he formulated as follows: “Man is tlie measure of 
all things, of things that are that they are, and of things 
that are not that tliey are not”. We do not know exactly 
what he meant by this truly sophisticated statement, but 
let us assume he would have said with respect to our prob- 
lem: “the house exists only when I look at it, but when I 
don’t look at it, it always vanishes”. What can you hold 
against him? He does not say that it vanishes and reap- 
pears in the ordinary way by the hands of bricklayers and 
carpenters; he means it vanishes in a sort of magical way. 
He insists that it is the observation by a human observer 
which produces the house and that therefore unobserved 
houses do not exist. What arguments do we have against 
such magical disappearance and creation by a human ob- 
server? 

You may say that you can call up the janitor from your 
office and ask whether the house still stands. But the 
janitor is a human being like you; maybe his observation 
creates the house like yours. Will the house be there 
when nobody observes it? 

You may say that you can turn your back toward the 
house and observe its shadow; then the unobserved house 
must exist because it throws a shadow. But how do you 
know that unobserved things throw shadows? What you 
have seen so far is that observed houses throiv shadows. 
You could explain the shadow, which you see while you 
do not see the house, by assuming that shadows remain 
when the object has vanished, and that there is a shadow 
without a house. Do not argue that such shadows of non- 
existent objects have never been observed. That is true 
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only if you assume what you want to prove, namely, tliat 
the house continues to exist while you do not see it. If you 
assume the contrary, like Protagoras, you have lots of 
evidence for his statement, because you have seen house- 
shaped shadows without seeing houses at tlie same time. 

You rvill defend yourself hy resorting to a new appeal 
to common sense. “Why should I assume”, you jmswer 
“that the laws of optics are different for unobserved 
objects? It is true that these laws were established for 
observed objects; but do we not have overwhelming 
evidence that tliey must hold for onobserved object 
too?” On a little aftertliought, however, you w.U discover 
that we do not have such evidence at all. We I'^e "om: 
because unobserved objecu have never oeri 

There remains only one way out °£ th^difficolty^ We 
must regard our statements about unobse^ed objecU not 
as verifiable statements, but as con . 'i 

introduce because of the great simp i ic :,,, reduced it 

What we know is tliat ./ Uiis “"vention introdo^^^^^^^^^^ 
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observed ones, we arrive at a ^‘“^cts. 

which hold both for observed and u^ed^ob^^^^^^ 

The latter statement, which IS an i/sta 
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or in meters, temperatures in Fahrenheit or in centi- 
grades; and we can describe tlie physical world in a Eu- 
clidean or a non-Euclidean geometry, as was shown in 
Chapter 8. We speak different languages when we use 
different systems o£ measurement or o£ geometry, but we 
say the same thing. The plurality of descriptions repeats 
itself in a more complicated form when we speak about 
unobserved objects. There are many ways of saying the 
truth; they are all equivalent in a logical sense. There 
are also many ways of saying a falsehood. For instance, it 
is false to say that ice melts at thirty-two degrees, if we use 
the centigrade scale. Our philosophy, therefore, does not 
wipe out the difference between truth and falsehood. But 
it would be shortsighted to disregard the plurality of true 
descriptions. Physical reality admits of a class of equiva- 
lent descriptions; we choose one for the sake of con- 
venience, and this choice rests upon a convention only, 
that is, on an arbitrary decision. For instance, the decimal 
system supplies a more convenient description of meas- 
urements than other systems. When we speak about un- 
observed objects, the most convenient language is the 
one selected by common sense, according to which un- 
observed objects and their behavior do not differ from 
observed objects and their behavior. But this language is 
based upon a convention. 

It is the merit of the theory of equivalent descriptions 
that it allotvs us to express certain truths which the lan- 
guage of common sense cannot formulate. I refer to the 
truth formulated by the if statement above: it is true that 
if we assume the unobserved objects to be identical with 
the observed ones, we arrive at no contradictions, or in 
other words, that among the admissible descriptions of 
the physical world there is one in which the unobserved 
objects are on equal footing with the observed ones. Let 
me call this description the normal system. That the 
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physical world admits of a normal system for its descrip- 
tion is one of tlie most important truths. We have altvays 
taken tliis truth for granted; we did not even formulate it 
and thus did not know tliat it was a truth. We saw no 
problem in it, like the man who sees no problem in tlie 
falling of bodies toward the ground because this observa- 
tion is too general an experience. But scientific mechanics 
began with the formulation of the law of falling bodies. 
Similarly, a scientific understanding of tlie problem of 
unobserved objects begins witli tlie statement that a de- 
scription of unobserved objects through a normal system 
is possible. 

How do we know it is possible? All we can say is that 
the experiences of generations of men have proved it. 
We should not believe, however, that tliis possibility 
could be proved by logical laws. It is a fortunate matter 
of fact that our world can be so simply described tJtat no 
difference between observed and unobserved objects re- 
sults. This is all we can maintain. 

Thus far we have spoken of unobserved liouscs, Tlie 
particles of matter are also unobserved objects. Let us 
see how our results can be transferred to tJicm. 

As in the world of our daily life, iJicre are observables 
and unobservables in the world of tlic atom. What can 
be observed are collisions between two particles, or be- 
tween a particle and a light ray; tlic physicist has devised 
ingenious instruments tliat indicate each individual col- 
lision. What cannot be observed is what happens during 
the interval beUveen two collisions, or on the path from 
the source of radiation to a collision. These occurrences, 
then, arc the unobservables of the quantum world. 

But why can they not be observed? Wliy can we not 
use a supermicroscope and watch the p.irticlcs on their 
path? The trouble is tliat in order to see a particle uc 
liavc to illuminate it; and illmnination of a particle is 
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something very different from the illumination of a 
house. A light ray falling on a particle pushes it out of its 
way; what we observe, therefore, is a collision and not a 
particle traveling peacefully on its path. Imagine that 
you wish to watch a bowling ball rolling along its path 
in a dark hall; that you turn on the light and the moment 
the light hits the ball it pushes the ball out of its way. 
Where was the ball before you turned on the light? You 
would not be able to tell. Fortunately our illustration is 
not true for bowling balls; they are so large that the im- 
pact by a light ray does not disturb them noticeably. It 
is different with electrons and other particles of matter. 
When you observe them, you have to disturb them; and 
therefore you do not know what they did before the ob- 
servation. 

There is some disturbance by the observation even in 
the macroscopic world. When a police car moves through 
the traffic of a boulevard, its occupants see all the sur- 
rounding cars move slowly within the required speed 
limiu. If the police officer did not sometimes put on 
civilian clothes and drive an ordinary car, he would infer 
that all the cars all the time move at such a reasonable 
speed. In our intercourse with electrons we cannot don 
civilian clothes; when we watch them we always disturb 
their traffic. 

You will argue: maybe it is true that we cannot observe 
how an undisturbed particle moves on its path; but can 
we not figure out, by means of scientific inferences, what 
they do when we do not look at them? This question re- 
turns us to our preceding analysis of unobserved objects. 
We saw that we am speak about such objects in various 
ways; that there is a class of equivalent descriptions; and 
that we shall preferably select a normal system for our 
description, that is, a system in which the unobserved ob- 
jects do not differ from the observed ones. Our discus- 
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sion of the observation of particles, however, has made it 
clear tliat for particles we do not have a normal system. 
The observer of electrons is a Protagoras; he produces 
what he sees, because seeing electrons means producing 
collisions with light rays. 

Speaking of particles means attributing to tliem a defi- 
nite place and a definite velocity for each time point. For 
instance, a tennis ball occupies at every moment a cer- 
tain place on its path and has, at this moment, a deter- 
minate velocity. Both place and velocity can be measured, 
at each moment, by suitable instruments. For small par- 
ticles, however, the disturbance by the observer, as Hei- 
senberg has sho^vn, makes it impossible to measure both 
values simultaneously. We can measure eitlier the posi- 
tion or the velocity of die particle, but not both. This is 
the result of Heisenberg’s principle of indeterminacy. 
The question arises whetlier tliere do not exist other 
ways of determining the unmeasured quantity, meUiods 
dirough which the unmeasured quantity is related in- 
directly to the observed quaniiucs. This would be pos- 
sible if we could assume Uiat the unobserved quantities 
follow the same laws as the observed ones. Tiie analysis 
of quantum medianics, however, has given a negative 
answer; die unobserved objects do not follow die same 
laws as the observed ones in so far as a specific difference 
arises widi respect to causality. The relations controlling 
unobserved objects violate the postulates of causality; 
they lead to causal ajwmalies. 

This difference results when interference experiments 
are made, diat is, experiments in whicii a beam of elec- 
trons or a light ray passes dirougli a narroi^ slit and pro- 
duces an interference pattern on a screen, consisting of 
black and white stripes. Such experiments fiavc always 
been explained by the wave nature of light as the result 
of a superposition of wave crests and trouglis. ^Vc know. 
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however, that -when we use a radiation o£ a very small 
intensity, the resulting pattern, although of the same 
structure when the radiation goes on for a sufficiently 
long time, is the effect of a great many small impacts on 
the screen; the stripes are therefore produced by a bom- 
bardment resembling machine-gun fire. These individual 
impacts cannot be reasonably explained as waves. The 
wave arrives on a large front covering the screen; then 
there occurs a flash at only one point of the screen, and 
the whole wave disappears. It is swallowed by the flash, 
so to speak, an occurrence which is incompatible with 
the usual laws of causality. This is the point where the 
wave interpretation leads to unreasonable consequences, 
or causal anomalies. If we assume, in contrast, that the 
radiation consists of particles, tlie impacts on the screen 
are easily explained. Difficulties arise, however, if two 
slits are used. Each particle then must pass either through 
the one or the other slit. The interference pattern is 
then the result of an interaction of the two slits; but the 
contribution which each slit makes to the total pattern 
can be shown to differ from the pattern which the slit 
would produce if the other slit were closed. This means 
that the path beyond the slit selected by the particle will 
be influenced by the existence of the other slit; the par- 
ticle knows, so to speak, whether or not the other slit is 
open. This is the point where the particle interpretation 
arrives at a causal anomaly, that is, a violation of the 
usual laws of causality. Similar violations occur for all 
other experimental arrangements and all possible inter- 
pretations. This result is formulated in a principle of 
anomaly, which can be derived from the foundations of 
quantum mechanics. 

The violation of the principle of causality in the form 
of anomalies must be carefully distinguished from the 
extension expressed in the transition from causal laws to 
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probability laws. That atomic occurrences are controlled 
by probability laws, and not by causal laws, appears as 
a relatively harmless result if compared with the causal 
anomalies just mentioned. These anomalies concern die 
principle of action by contact, formulating a well-estab- 
lished property of causal transmission; die cause has to 
spread continuously through space until it reaches the 
point where it produces a certain effect. If a locomotive 
starts moving, the individual cars of the train will not 
follow immediately, but by intervals; die pull of the lo- 
comotive has to be transferred from car to car until it 
finally reaches the last car. When a searchlight is turned 
on, it ivill not immediately illuminate die objects to 
which it is directed; the light has to travel through die 
space in between, and if it did not move at such a high 
speed we would notice die time required for die spread- 
ing of the illuminadon. The cause does not affect distant 
objects instantaneously, but spreads from point to point 
until it affects the object by contact — this simple fact is 
one of the most conspicuous features of all known causal 
transmissions; and die physicist would not easily give up 
the belief that he holds in tliis property an indispensable 
factor of causal interaction. Even die transition to prob- 
ability laws does not necessarily imply the abandonment 
of tliis property. Probability laws can be so constructed 
diat the probability is transferred from point to point, 
resulting in a probability chain, which is the analogue 
of a causal action by contact. Tlie fact diat tlic anaijsis 
of the unobservables of quantum pliysics compels us to 
give up the principle of action by contact, that it leads 
to a principle of anomaly, is a much Iieavier blow to the 
idea of causality than the transition to probability laws. 
This breakdown of causality makes it impossible to speak 
of unobserved objects of the microcosm in the same sense 
as of die macrocosm. 
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Wc thus arrive at a specific difference between the 
world of large things and the world of small things. Both 
worlds are constructed on die basis of observables by the 
addition of unobservables. In the world of large things 
such a supplementation of the observed phenomena in- 
volves no difficulties; the unobservables follow the pat- 
tern of the observables. In the world of small things, 
however, a reasonable supplementation of the observ- 
ables cannot be constructed. The unobservables, whether 
introduced as particles or as waves, behave unreasonably, 
violating the established laws of causality. There exists 
no normal system for the interpretation of the unobserv- 
ables, and we cannot speak of unobservables in the same 
sense as is iihplied for the world of everyday life. We can 
regard the elementary constituents of matter as particles 
or waves; both interpretations fit the observations equally 
well and equally badly. 

This, then, is the end of the story. The controversy 
between the adherents of die wave and the corpuscle in- 
terpretation has been transformed into a duality of inter- 
pretations. Whether the constituents of matter are waves 
or particles is a question concerning unobservables; and 
the unobservables of atomic dimensions, unlike those of 
the world at large, cannot be uniquely determined by the 
postulate of a normal system — because there exists no 
such system. 

We should call ourselves fortunate that this indeter- 
minacy is restricted to small objects; for large objects it 
drops out because Heisenbergs indeterminacy, on ac- 
count of the small size of Planck’s quantum, is not no- 
ticeable for them. Even for die atoms as wholes the inde- 
terminacy can be neglected, because they are rather large; 
and we can treat diera as corpuscles, disregarding wave 
notions. Only the interior structure of the atom, in which 
lighter particles like electrons play a leading part, re- 
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quires the quantum mechanical duality of interpreta- 
tions. 

To understand what tlie duality means, let us imag- 
ine a world in which a similar duality holds for large 
bodies. Assume there is machine-gun fire passing tlirough 
the windows of a room and we later find die bullets stuck 
in the walls of the room, so that it seems beyond doubt 
that the fire consists of bullets. The passage of tlie fire 
tlirough the windows, we further assume, follows the 
laws for waves passing through slits; the fire produces, in 
the distribution of tlie bullets in the walls, a pattern of 
stripes like those of an interference pattern. When we 
open anotiier window, for instance, die number of bullets 
hitting a certain place of the wall becomes smaller in- 
stead of larger, because the waves interfere at this point. 
If it were impossible to observe directly a bullet on its 
path, we then could interpret the fire as consisting of 
waves or of corpuscles; both interpretations would be 
true, although eadi would involve ccrum unreasonable 
consequences. 

The unreasonableness of such a world will always exist 
in consequences only, not in what is observed. The in- 
dividual observations would not be different from wliat 
we see in our world; but Uieir totality would determine 
implications tliat contradict the fundamentals of causal- 
ity. It is our good luck that our world of stones and trees 
and houses and machine guns is not of tins type. Indeed, it 
would be rather unpleasant to live in such an environ- 
ment, in wliich tilings play tricks on us bcliind our backs, 
while diey behave reasonably as long as \\e look at them. 
But wc cannot infer that the world of tlie small things 
must be of tlie same simple structure as that of the large 
ones. The atomic dimensions do not lend ihcmschcs to a 
unique determination of unobservables. lia\c to 
Icam tfiat tlicir unobservables can be described in \an- 
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ous languages, and that there is no question of one being 
tlie true language. 

It is this characteristic feature of quantum-mechanical 
occurrences which I would regard as the deeper meaning 
of Bohr’s principle of complementarity. When he calls 
the wave and the particle description complementary, 
this means that for questions where one is an adequate 
interpretation the other is not, and vice versa. For in- 
stance, considering the interference pattern on a screen 
we shall refer to the wave interpretation; but in face of 
observations with Geiger counters, which show us in- 
dividual and locaIi7ed impacts, we shall use the particle 
interpretation. It should be noticed that the word "com- 
plementarity” does not explain, or eliminate, the logical 
difficulties of quantum-mechanical language; it merely 
gives them a name. It is a fundamental fact that there 
is no normal system for the interpretation of quantum- 
mechanical unobservables and that we have to resort to 
different languages when we wish to avoid causal anoma- 
lies for different occurrences — this is the empirical con- 
tent of the principle of complementarity. And it should 
be emphasized that this logical situation has no ana- 
logues in our actual macrocosm. I therefore do not think 
that it clarifies the quantum-mechanical problem when 
reference is made to such "complementarities” as love 
and justice, freedom and determinism, and so forth. I 
would rather speak here of polarities and indicate by the 
change in the name that these macrocosmic relationships 
have a structure very different from the complementarity 
of quantum mechanics. They have nothing to do with 
the extension of language from observables to unob- 
servables and therefore do not bear upon the problem of 
physical reality. 

A different approach has been made by the help of a 
revision of logic. Instead of a duality or complementarity 
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of languages, a language of a more comprehensive form 
has been constructed, wide enough in its logical struc- 
ture to be adaptable to tlie peculiarities of the quantum- 
mechanical microcosm. Our usual language is based on 
a two-valued logic, that is, on tlie logic of tlie two truth 
values "truth” and “falsehood”. It is possible to construct 
a three-valued logic, which possesses an intermediate 
trutli value of indeterminacy; in this logic, statements are 
either true or false or indeterminate. By tlie help of such 
a logic, quantum mechanics can be written in a sort of 
neutral language, which does not speak of waves or cor- 
puscles, but speaks of coincidences, tJiat is, of collisions, 
and leaves it indeterminate what happens on the patli 
between two collisions. This logic appears to be the ulti- 
mate form of tlie physics of die quanta — liumanly speak- 
ing. 

It was a long way from Democritus’ atoms to tlie dual- 
ity of waves and corpuscles. The subsunce of the uni- 
verse — ^in die physicist’s sense and not in tlie metaphoric 
connotation of the philosopher who identified it with rea- 
son — has turned out to be of a rather dubious nature, if 
compared with die solid particles in wiiidi botli die 
philosopher and die scientist believed for some two tliou- 
sand years. The conception of a corporeal substance, 
similar to the palpable substance sliown by die bodies of 
our daily environment, has been recognized as an extra- 
polation from sensual experience. IVhat appeared to the 
philosophy of rationalism as a requirement of reason 
Kant called the concept of substance synthetic a pdori 
has been revealed as being die product of a conditioning 
dirough environment. The experiences offered by atomic 
phenomena make it necessary to abandon iJie idea of a 
corporeal substance and require a revision of ilie form 
of die description by means of whicli ue portray pliysicai 
reality. With die corporeal substance goes die ti%o- valued 
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character of language, and even the fundamentals of 
logic are shown to be the product of an adaptation to 
the simple environment into which human beings were 
born. Speculative philosophy has never exhibited a power 
of imagination equal to the ingenuity which scientific 
philosophy has displayed under the guidance of scien- 
tific experiments and mathematical analysis. The path 
of truth is paved with the errors of a philosophy too nar- 
row to envisage the variety of possible experiences. 
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Species; that is true not only for those visible manifesta- 
tions of life which we call "behavior”, but also for the 
chemical mechanism of the body, which is at the basis of 
all behavior. The chemical process of digestion and oxi- 
dation of food is so arranged that it supplies the organism 
with the calories necessary for its activities; and plants 
have even devised a process which enables them, by the 
help of chlorophyl particles, to utilize directly the radiant 
energy of the sun for the benefit of their existence. 

Compared with the blind functioning of tlie inorganic 
world, the falling of stones, the flo^v of water, the blow- 
ing of the wind, the activities of living organisms appear 
to be controlled by a plan, to be directed toward a cer- 
tain purpose. The inorganic world is controlled by the 
laws of cause and effect; the past determines the future 
by way of the present. For living organisms this relation 
seems to be reversed; what happens now is so arranged 
that it serves a future purpose, and the happenings of 
the present appear to be determined by the future rather 
than by the past. 

Such a determination in terras of the future is called 
teleology. In his concept of a final cause Aristotle has 
assigned to teleology, or finality^ a place parallel to that 
of Causality in the description of the physical world. Ever 
since Aristotle’s time the scientist has been confronted 
by the dual nature of the physical world: whereas inor- 
ganic nature was seen to be controlled by the laws of cause 
and effect, organic nature appeared to be governed by the 
law of purpose and means. Finality thus is assigned the 
function of a logical parallel of causality; the one appears 
as fundamental as the other, and the physicist, who thinks 
of nature in terms of cause and effect alone, is regarded as 
a victim of the fallacy of vocational preoccupation, which 
makes a man blind to the exigencies of research outside 
his own narrow field. 
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Although this conception o£ a parallelism between 
causality and finality sounds like the verdict of a neutral 
observer, we listen to its claims witli reluctance and can- 
not suppress the feeling that tliere is sometliing funda- 
mentally wrong in its thesis. Physics is not a parallel of 
biology, but a more elementary science. Its Jaws do not 
stop short of living bodies but include both organic and 
inorganic bodies, whereas biology is restricted to the 
study of those specific laws which, in addition to physical 
laws, govern living organisms. There is no exception to 
physical laws known in biology. Living bodies fall down 
like stones if not supported; they cannot produce energy 
from notliing, tliey verify all die laws of chemistry in 
their digestive processes — there is no physical law which 
has to be qualified by the clause "unless die process oc- 
curs in a living organism*’. 

If living organisms display properties which require 
the formulation of specific laws, to be added to diose of 
physics, there is nothing strange in such addition. We 
know diat Jioc bodies display properties not referred to 
in mechanics, diat a wire tiirough which an electric cur- 
rent is passed shows properties which neither mechanics 
nor thermodynamics can account for. Tliere is no logical 
difficulty in according to matter of a more complex state 
of organization properties which matter of a simpler state 
does not reveal. But it appears inadmissible to assume 
that living matter possesses properties whicli contradict 
diose of inorganic matter. 

In fact, teleology contradicts causality. If the past de- 
termines die future, then the future docs not determine 
the past, at least not in die sense in wJiich ilic word ’'de- 
termine" is used in this plirasc. TJicrc is a static seme of 
the word for svhich dcienninaiion works both wa)s: for 
instance, die number x dcicnnincs its s<iuarc x*. and the 
square x* dcicrniincs its jxjsUhc root x. But causality 
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is a determination in the generic sense. The wind de- 
termines the bent shape o£ a tree* but not vice versa. It 
is true that from the bent shape o£ trees we can m£er the 
direction of the prevalent wind; but if we say that in this 
sense the shape of the tree determines the direction of 
the wind, we use the word “determination” in the static 
sense of a mere correlation. The bent tree is indicative 
of the wind, but does not produce it, whereas the wind 
produces the bent shape o£ the tree. The word “produce” 
need not be understood as inaccessible to logical analysis; 
I have explained above (chap, lo) that the unidirectional 
character of causality is capable of a logical formulation. 
If our conception of the flow of time is to have any mean- 
ing, causality is opposed to teleology; determination in 
the generic sense can take place in one direction only. 
An interpretation for which life is essentially different 
from physical processes and controlled by purpose rather 
than by cause is incompatible with the idea of a direc- 
tion of time. The biologist who appeals to common sense 
in his claims for die alleged duality should not forget 
that he contradicts common sense in another field: he 
abandons the conception of becoming. 

Some further analysis shows that in this dilemma the 
teleologist has no good defense. Whenever purposeful 
action is involved, what determines the action is not the 
future occurrence, but a living organism’s anticipation 
of the future occurrence. We plant the seed in order to 
grow the tree; what determines our action is not the fu- 
ture tree, but our present images of the future tree, by 
which we anticipate its future existence. That this is the 
correct logical interpretation is seen from the fact that 
the growing seedling can be destroyed so that there will 
be no future tree; the anticipated future event then never 
happens, whereas the present action, the planting of the 
seed, remains unchanged. And what never happens can- 
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not possibly determine what happens now. Generic de- 
termination goes from the past to the future and not vice 
versa. Purposeful action as observable in human behavior 
is misinterpreted when it is regarded as a generic deter- 
mination of the past by the future. Neither common sense 
nor science can admit a generic determination which con- 
tradicts causality. The parallelism between teleology and 
causality is the product of a logical misunderstanding. 

What then remains of teleology? If a purpose is to 
be compatible xvitli causality, tlie determination of the 
present cannot be the product of the future, but must 
be a determination in terms of a plan. A plan, however, 
can have effects only through die medium of some or- 
ganism possessing the abilities of thinking. But die teleo- 
logical organization goes far beyond die species Homo 
sapietis. We can scarcely say die hamster folloivs a plan 
while he stores his provisions, and nobody would be will- 
ing to say that a plant carries out the plan of reproducing 
its species when it sheds its seeds over die ground. A for- 
mulation avoiding anthropomorphisms must be carefully 
worded: the activities of living organisms present a pat- 
tern of die type the organisms would follow if Uiey acted 
according to plan. To go from diis fact to the existence 
of a plan, which in some mystical fashion controls or- 
ganismic behavior, means interpreting the wJiole organic 
world by analogy witii human behavior, means putting 
an analogy in die place of an cxplarraCfon. if 

analogism, is pseudo explanation; it belongs in specu- 
lative philosophy, but has no place in scientific pliilos- 
ophy. 

What then is the correct explanation? TIic fact re- 
mains diat organismic activity represents a pattern as 
though it were controlled by a plan. Should wc record 
this fact as a mere coincidence, as a product of diancc? 
Tile conscience of diesiaiisticwn rc\olts against this con- 
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ception: the probability of such a coincidence would be 
so extremely small lliat we cannot accept this interpreta- 
tion. The desire for causal explanation seems to have 
arrived at a deadlock. How can causality ever assume tlie 
appearance o£ purposeful behavior? 

A man who sees for the first time the pebbles on a 
beach might very well conceive the idea that they were 
deposited according to a certain plan. Close to the ocean, 
partly covered by the water, there lie the larger pebbles, 
followed a little further up by the smaller ones, which 
in turn are followed by layers of sand, first consisting of 
coarse grams and eventually changing into die fine- 
grained sand of the upper parts of the beach. It looks as 
though someone has cleaned up the beach, neatly assort- 
ing pebbles and sand according to size. We know diat it 
IS unnecessary to assume such an anthropomorphic in- 
terpretation; the water transports die pebbles and casts 
the lighter ones farther up the beach, thus automatically 
assorting them as to size. It is true, tlie individual impacts 
by the waves follow the irregular pattern of chance; and 
nobody could predict the place where a certain pebble 
will finally be deposited. But there is a selection at work; 
whenever a larger and a smaller rock are transported by 
the same wave, the smaller one will be carried a little 
farther. Chance in combination with selecdon produces 
order. 

It was the great discovery of Charles Darwin that the 
apparent teleology of living organisms can be explained 
in a similar way by a combination of chance and selec- 
tion. Like most great ideas, Darwin’s principle of selec- 
tion had been anticipated at earlier times. The Greek 
philosopher Empedocles had developed a fantastic theory 
according to which living bodies gre\v from the ground 
as fragments; individual limbs, heads, and bodies moved 
around and united by chance into odd combinations, 
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only the fittest o£ which survived. But a good idea stated 
within an insufficient tlieoretical frame loses its explana- 
tory power and is forgotten until it is rediscovered and 
imbedded into a conclusive tlieory. Danvin’s principle of 
natural selection and the survival of the fittest was de- 
veloped with the means of scientific research and pre- 
sented in the frame of an elaborate tlieory of evolution. 
This is the reason that tlie name “Darwinism has come 
to denote the conception of an evolution through natural 
selection. And tlie extent of his scientific work justifies 
the preference given to Darwin over his younger contem- 
porary A. R. Wallace, who developed the idea of natural 
selection independently of Darwin, but whose scientific 
work does not compare with Darwin’s comprehensive 


achievements. . , ^ 

When we classify the existing species with respect to 
the degree of their differendation, alwa>s going from one 
specief^to tlie one which ' 

anatomical structure and organismic build, we arrnc at 
a systematic order, that is to say, at a senes in 
tionships of similarity allocate to each species P>““ 
the scale. At the upper end of the line we have Imn^an 
beings; below them follow die apes, in turn ^ 
lowed by other mammals: and througb 
and fishes, the line proceeds to '™ H^rm 

marine animals, untilit reaches Its o\\cr Danvin 

of one-celled living organisms, ‘ ‘ 'r ^o^xist- 
madc the inference that the syslcma 

ing species represents die /liitorical or e 

that life began with the onc<el ed her 

course of millions of years proceeded to ii^ o 


T inference is good induc.is e logic. E^cno - " 

he willing to apply it in simpler !"’Xne o 

a May fly, which lives only one day. would observe 
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types of human beings: it would see babies, children, 
teen-agers, adults, and aged persons, but would not no- 
tice any growth or change in tlie individual persons. If 
among the May flies there turned up a Darwin, such an 
outstanding fly might very well infer that the coexisting 
stages of human beings which it observes represent a his- 
torical succession. As far as time ratios are concerned, tlie 
May fly is much better off titan we are: compared with 
the time lengtlt of evolution, the span of a human life 
is much shorter than tlie one-day life of a May fly com- 
pared with tlie longest lifetime of a human being. No 
wonder tliat we cannot actually observe evolutionary 
change, for which even die six thousand years of recorded 
human history form a period of merely infinitesimal 
length. So we shall always depend on an inference from 
systematic order to historical order, a cross-inference from 
the order of the simultaneous to the order of succession. 

There is, of course, further evidence to be adduced in 
favor of the inference. There are die findings of geology: 
the various geological layers contain fossils of different 
kinds, but so arranged that the more differentiated forms 
are included in the upper strata. It appears legitimate to 
identify the spatial order of die strata with the time or- 
der of their deposition. Geology thus keeps a record of 
the state of animal life reached at any time considered. 
Furthermore, excavations have provided us with speci- 
mens of many a species that is missing in the systematic 
order of the existing species, with the effect of closing 
the gaps. In particular the missing link between man and 
ape was discovered in some specimens of skulls that com- 
bine the bulging eye ridges of the apes with a cranial 
capacity larger than that of the apes, though smaller than 
that of man; the receding forehead left little space for 
the prefrontal area of the brain. The brain of this ape- 
man made possible certain mental activides, though the 
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faculty of profiting by experience through recalling the 
consequences of previous responses to experience, located 
in tlie prefrontal area of the brain, was developed to a 
very limited degree. Incidentally, the ape-man is now re- 
garded as the ancestor of both man and the living apes, 
so that the latter represent a side-line ratlier than the 


ancestor of man. 

If we regard the evidence referred to as conclusive, we 
have to admit the fact of an evolution of life from the 
amoeba to man. But there remains the question of the 
why of this evolution. Why did life develop into higher 
forms? Evolution looks like a process according to plan; 
one might be tempted to say that evolution offers tlie 
strongest support to teleology that can be imagined. 

It is here that Dan«njLE.?2iSt contnliution inter- 
venes: Darwin saw that the progress of evolution c^.be 
explained-in-tems of 'causality alone and does not re- 
quifTany t'ereological conceptions. The random van 
Sons of repfoduction produce differences 
uals which imply different adaptation for “ 

struggle for existence the fittest survive, and smce ^ey 
transfer their higher abilities to their off W, 
result a progressive change to higher an iig 
Like tlie pebbles on tlie beach, biological . ; 

dered through a selective cause: chance in combination 
witli selection produces order. 

Darwin's tlieory of selection has been in fundi, 

and improved, but never has it been shaken m fun^n 
mentals. Inlluenced by his great pre cliaractcni; 

Darwin believed in the heredity of |,:rli an in- 

he tliought that the functional adapta j jjj 

dividual acquires through training, is this 

progeny. xSere ‘- been mud. controve^ 

point and the part which lliis 'icu 1 ,^,„,ncnts how« 

conception of his theory. Tuo precise statemenu, 
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ever, can be made today; first, tliat all experimental evi- 
dence available today speaks against a heredity of dc- 
quired characters, and second, tliat "Darwinism” does 
not need any assumption of this kind. Combining Dar- 
win’s idea of a natural selection witli certain experi- 
mental discoveries, modern biology has supplied a satis- 
factory explanation for "directed” hereditary change and 
thus freed itself from "Lamarckism”. 

This explanation is based on the experimental demon- 
stration of mutations, that is, changes in the hereditary 
substance of individuals. Such mutations can be arti- 
ficially produced by X-rays or heat; in nature they occur 
through random causes and are not due to any adaptation 
of the individual to its living conditions. Many of these 
random mutations will be useless; but if there occur use- 
ful mutations, they will equip individuals with higher 
abilities of survival. Once die existence of hereditary mu- 
tations due to random causes is demonstrated, the rest 
is left to the laws of probability, which, slow working as 
they are, will eventually produce higher and higher forms 
of life. 

No criticism could diminish the cogency of this proof. 
If it is objected that most of the mutations are so small 
that they do not entail a visible advantage of survival, 
the theorist of probability will answer tliat then random 
variations will occur in all directions, until by pure 
chance they have accumulated in one direction so as to 
produce a noticeable advantage of survival. The small- 
ness of mutations can delay the process of evolution, 
but cannot stop it. If it is objected that many mutations 
are useless, the answer is that it is sufficient if there are 
useful mutations. Selection through struggle for exist- 
ence is an irrefutable fact, and chance in combination 
with selection produces order — there is no escape from 
this principle. Darwin’s theory of natural selection is the 
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tool by which the apparent teleology of evolution is re- 
duced to causality. The problems of mutation and hered- 
ity have been studied in all their ramifications by mod- 
ern geneticists and will have to be still further explored; 
but the need for teleology is eliminated by Danvin s 
principle. 

The theory of evo lutiQn^i s_based thrp^ hput„on-in- 
direct evidence. Will it ev er be po^ble to construct a 
direct e^^n ce for^ it, sa y, by producing human beings 
i n the t est-tube? 

" To copy within the short time of a laboratory expert- 
ment a process which nature took millions of years to 
perform, might appear to be demanding very much 

if nature had not supplied short-time copies of tln^roc^ 

in the growth of the embryo of every human Jh-s 
growtli begins witli tlie one-cell stage and [ 

Lre complicated stages, which, as was ^1'°'™ ^y 
recapitulate tlie entire hUtory of evolution “ 

abridge'd'fSirnTThere is, for instance, a 
the human embryo develops gill sht^- 
exterior appearance is scarcely distinguis la 
embryo of a fish. It appears not so far fetched ^ 
to put the fertilized ovum of a maiumal a ^ “ibe 
and develop it into a complete mdivi u . initial 

pcriment would not prove very muc i, j pj-Q^iuct 

material, tlie fertilized ovum, would be a “ P ° j,, 

by synthetic processes. , i ,,, <.o„. 

But such an experiment ^le evolution 

elusive. The indirect evidence we have 1 

from the amoeba to the human cvperitticiiis. 

scarcely needs an amplificatiou by direct evpenme. 
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The production of just one living cell from inorganic 
matter is the most urgent problem which concerns the 
biologist who wants to make the theory of evolution 
complete. A successful experiment of this type may be 
not so far off. The study of chromosomes has shown that 
the genes, those short parts of the threadlike structure 
of the chromosomes which transfer individual properties, 
are no larger than large molecules of albumen. Presum- 
ably, biologists will some day construct synthetic albu- 
men molecules of the gene type and of the prptoplasm 
type, put them together, and thus produce an aggre- 
gate which possesses all the characteristics of a living cell. 
Should the experiment succeed, it would demonstrate 
conclusively that tlie origin of life can be traced back to 
inorganic matter. 

The problem of life does not involve contradictions to 
the principles of an empiricist philosophy — such is the 
result of the biology of the nineteenth century. Life can 
be explained along with all other natural phenomena, 
and biology requires no principles that violate the laws 
of physics. The apparent teleology of living organisms 
is reducible to causality. Life does not call for the exist- 
ence of an immaterial substance, a vital force, an en- 
telechy, or whatever names have been proposed for such 
a supernatural entity. The philosophy of vitalism, which 
maintains the existence of a specific life substance of this 
kind, is historically to be classified as a descendant of 
philosophic rationalism. It springs from a philosophy 
which endows tlie mind with the power of controlling 
the universe and looks for a biology that explains tlie 
origin of mind in a substance not subject to the laivs of 
physical world. Empiricism manifests itself not only 
in tlie constructions of the philosopher, but also in the 
attitude with which the scientist pursues his experimental 
research. In tiiis sense modem biology is empiricist, even 
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though some o£ its experts still attempt to combine their 
scientific work with a vitalist philosophy. 

T ^he evolution of life is but jiie last chapter in a longer 
story, the story of the evolution of tlie universe. Ever 
since tlie fanciful cosmogonies of the ancients, tlie <1““' 
tion of how this universe came into being has fascinated 
the human mind. Modem science, by tlie use of precision 
methods of observation and of inference, has given an 
answer more fanciful tlian anything ever dreamed of by 
the ancients. I should like to give a brief outline of these 
theories, which display the power of scientific method in 
one of its greatest achievements. ^ i - 

^-^irst there had to be a logical step: instead of asking 
how this universe came into being, the scientist ^ks how 
the universe came into being what it is now. He ooU for 
an evolution from previous states to the presen 
tries to push tliis history back as far as he 
anytliing more remains to be asked is a ques i 
shdl discuss presently. 

The first answer is given by the ° e^rtlfwas 

research, which reveal tliat the crust o 
formed through the cooling down of a g>o"‘"S 
The interior of the earth is still g p ,v°liich 

crust is visible ^^^■rrs^ftdimcnt ^vliich form 

oceans have deposited the la)cr5 o Ctr'infrclv 

tliegreaterpart’^ofthesnrfaceoEou^ont.^^^^^^^^ 

enough, tlie duration of dial sci- 

is measured by a sort of geologic. „i,.,nenLs ura* 

ence has learned - 

rnrmo~abTe matter and final^^ wind 

Measuring the amount jf ^d-oac^ „.e earll.-s sur- 

arum pr^nt stage, the mdt 

time it took to develop .all tim material from pure 
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active substances. Assuming that in the gaseous state o£ 
the earth the radioactive elements were formed, while 
no decay products were yet existent, the geologist can 
identify the age of the earth’s crust with this time. The 
age of the earth is thus found to be about two thousand 
million years. 

The second answer concerns the stars. A fixed star, like 
our sun, obviously goes through an evolution; it gives 
off radiation at an enormous rate and must possess en- 
ergy sources to make up for this continuous loss of en- 
ergy. One such source is gravitation, as was recognized 
by Helmholtz; the star shrinks, and the matter moving 
toward its center exchanges its speed for heat. A more 
powerful source is the transformation of elements, such 
as occurs in the explosive processes of the atom bomb. At 
the high temperature in the interior of the star — the sun 
is estimated to have a temperature of twenty million de- 
grees centigrade at its center — the processes of nuclear 
integration and disintegration go on permanently, and 
mass is transformed into energy. These processes were 
analyzed by Bethe, Gamow, and others in the light of 
recent discoveries concerning the formation of atomic 
nuclei. The major process of energy supply is the forma- 
tion of helium from hydrogen, which liberates great 
amounts of energy, while the loss in the mass of the 
substance is relatively small. (This is the process which 
the projected hydrogen bomb is intended to copy.) 
Calculations made for the sun show that the “burning 
up” of its hydrogen supply allows for a life of about 
twelve thousand million years, of which two thousand 
million years have passed. During this process, the sun 
will slowly become hotter, until a maximum is reached 
after which stage it will cool off rapidly. 

The theory of the evolution of a star is confirmed by 
inferences of a very different type, resembling the in- 
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ferences used in Darwin’s theory o£ evolution. For tlie 
totality o£ stars visible in the night sky, astronomers 
have discoveied a systematic order, which can be re- 
garded as representing the historical order o£ the stages 
run through by each individual. Once more the m£er- 
ence from the systematic order o£ the simultaneous to 
the order o£ temporal succession displays its power, 
was more difficult to apply this inference to stars than to 
biological systems because tlie systematic order of die 
stars is not easily visible. The basis of these inves p 

is a statistical diagram compiled ‘I- smr”‘are 

Russell and E. Hertzprung. n this d^S^m, 

classified as to spectral type, diat is, wi p 

tain lines which the spectroscope slioi s m 

the star and which indicate ns temperature. In comhina 

tion with the brightness of the star, 

mous size and a very low f high, 

is reddish because their |,igi, density of 

Old stars arc of small is stiH higli. tlicy 

matter. As long as dieir temp 

show a white light, until tl ^ gi^nt and 

come invisible. Between the g ^ ^ The 

the white dwarf c.xteiids ‘‘‘c |,o„er for 

end is not very promising. ^ mankind 

some time and make the oc , ,,,’„]anct: but finally 

-I — ...» 
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eventually die the death of temperature equalization 
foretold by the second principle of thermodynamics 
(chap. lo). 

The third answer concerns the history of the galaxies. 
A galaxy is an accumulation of hundreds of millions of 
stars. Our sun with its planetary system belongs to the 
galaxy whose periphery we see on the night sky as the 
Milky Way. Other galaxies are found in the spiral nebu- 
lae, which are millions of light years away from our own 
galaxy, separated by empty spaces from us and from each 
other. Spectroscopic observations, first made by Hubble, 
show that practically all galaxies run away from us at 
great speeds, the speed being the greater the farther away 
the spiral nebula is from our system. Assuming that each 
galaxy has always moved at the same speed on its patli, 
we can figure out where it came from. The figures show 
that all galaxies, about two thousand million years ago, 
were close together at the same place and presumably 
constituted one huge gas ball of a very high tempera- 
ture. 

The appearance of the figure two thousand million 
years in all these computations is most striking. Some two 
thousand million years ago, there seems to have been the 
beginning of our universe, of our sun, and of our earth. 
The heavens reveal an evolution pointing to a common 
beginning at a remote date inscribed in the figures of 
spectroscopy and geology. Even pieces of meteorites, cap- 
tured by our earth on their path through the universe, 
show the same date stamped into their material in terms 
of radioactive decay products. Once upon a time there 
was a huge glowing gas ball, the amoeba from which the 
universe sprang — that is how the story of evolution be- 
gins. 

Is that all ^ve can ask? Science has traced back the his- 
tory of the universe to a date of two thousand million 
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years ago. What was before that date? Are we allowed to 
ask how the primordial gas ball came into being? 

Whoever asks this question has stepped on philosophi- 
cal ground: and the scientist who tries to answer die ques- 
tion has turned philosopher. I should dierefore like to 
explain what the modern philosopher would answer. 

Philosophers of the speculative type answered the ques- 
tion by inventing a cosmogony which put fiction m the 
place of science, or sdpulated an act of creation o 
ter from nodiing— an answer which is but a badly veiled 
“we do not know”. To go even further and base diis an- 
swer on a “we shall never know” means arrogating to 
oneself, in die guise of humbleness, die ability of antici- 
pating future scientific developments. 

The modern philosopher reacts by a 
He declines to give a definite answer whicli ^ 

the scientist from his responsibility. All ’e is able to do 
is to clarify what can be meaningfully 
line several possible answers, leaving it o _ 
some day to say which answer is t^e. n . , ’ 
physics has contributed much materia to i “ 

Ld will find ways of furd.er solutions, if 

si^s presently knoivn were to turn out 

'^o ask how mat ter wa s generatedirom g. 

as k tor a to ca'me, in the “L'^'i^fid 

event, or of die universe as a svho e^ poindiig 

question. Explanation m terms o -.i, liter event 

LapreviouLventdiatisco^ 

for an explanation. event « as preceded 

first event: we can imagine dwt c ry xiic 

by an earlier event, and that time = dilficultics 

infinity of time, in Z “ u " eries of mnn- 

to die undersuuiding. We know that die 
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bers has no end, that for every number there is a larger 
number. If we include the negative numbers, the num- 
ber series has no beginning either; for every number 
there is a smaller number. Infinite series without a be- 
ginning and an end have been successfully treated in 
mathematics; there is nothing para'doxical in them. To 
object that there must have been a first event, a begin- 
ning of time, is the attitude of an untrained mind. Log ic 
doesjmt_tell_us anything about the structure of time . 
Logic offers the means of dealing with infinite series 
■without a beginning as well as wi^ series that have a 
beginning. If scientific evidence is in favor of an infinite 
time, coming from infinity and going to infinity, logic 
has no objection. 

It has become a favorite argument of antiscientific 
philosophies that explanation must stop somewhere, that 
there remain unanswerable questions. But the questions 
so referred to are constructed by a misuse of words. Words 
meaningful in one combination may be meaningless in 
another. Could there be a father who never had a child? 
Everyone would ridicule a philosopher who regarded 
this question as a serious problem. The question of the 
cause of the first event, or of the cause of the universe as 
a whole, is not of a better type. The word “cause” de- 
notes a relation between two things and is inapplicable 
if only one thing is concerned. The universe as a whole 
has no cause, since, by definition, there is no thing out- 
side It that could be its cause. Questions of this type are 
empty verbalisms rather than philosophic arguments. 

Instead of asking for a cause of tlie universe, the scien- 
tist can ask only for the cause of the present state of the 
universe; and his task will consist in pushing farther and 
farther back the date from which he is able to account 
for the universe in terms of laws of nature. Today this 
date is two thousand million years ago— that is a good 
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long Stretch of time, and to derive its chronicle from 
astronomical observations is a scientific achievement of 
tlie first order. Some day the date may be set back by an- 
other two thousand million years. 

We wish to set the date back because a hot gas ball 
concentrated in a narrow spot surrounded by empty space 
is not a suitable state for a beginning— it calls for an ex- 
planation in terms of an earlier history. It is not a state 
that can have existed for any long time, because it is no 
a state of equilibrium. Perhaps die gas ball wilLsome day 

be interp reted as a nebula; in a superunii^rse which wem 

tfiiough an exqlutiqn shpi!^’' ° "'np rh^ns 

w^fclescopes of the future will tell u^perhap 

they will bring us a message from more P 

nebulae that do not belong to our expan g y 
(See the foomote on p. 214.) • 
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Like all otlier conceptions of aldiough 

a closed space is accessible to r 
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such visualization requires some training to overcome a 
conditioning by a simpler geometrical environment. 
These conceptions of Einstein were amended by the 
mathematicians Friedmann and Lemaitre to the assump- 
tion that the total finite space does not have a constant 
size, but expands. We may compare this expansion to the 
stretching of the surface of a rubber balloon which is be- 
ing inflated. Some two thousand milUon„years agQ,.tlie 
universal space was rather small and all filled b y th e 
primordial gas; but ever since that time it has been ex- 
panding at the rate indicated by the speed of the reced- 
ing galaxies. It is an important fact that the mathematics 
of relativity opens the possibility of such an expan^ng 
universe, although it does not lead to an unambiguous 
answer, Einstein’s equations are what the mathematician 
calls differential equations, and such equations are com- 
patible with various different solutions. The physicist 
tries to single out the solution that fits best the observa- 
tional results. At present the astronomical data are still 
too meager for a definite answer. 

It would be a very satisfactory solution of the problem 
of the beginning of the universe, if instead of leaving it 
always to a new phase of science to push the date of the 
initial stage farther back, we could devise a formula 
which determines for every state a preceding state and 
thus controls the whole evolution for an infinite past. 
This possibility is offered by the expanding universe, be- 
cause there exist solutions of the relativistic equations 
of such a kind that it took an infinity of time for the uni- 
verse to grow from the size zero to the small size of two 
thousand million years ago. The solution could also be 
somewhat varied, so that tlie initial stage in the infinite 
past has a small finite volume. To this mathematical 
schema we could add the following interpretation: as 
long as tlie universe was small, tlie gas filling it was in a 
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Stable condition; only from a certain size on did the gas 
break up into individual fragments, which by gravita- 
tional attraction developed into stars. Associated with 
this interpretation, the matliematical formula of the ex- 
panding universe would answer all questions that could 
be reasonably asked; it would not say that the universe 
ever had tire size zero, or the small limiting size, since 
it would maintain only an asymptotic convergence, ut 
would answer at one stroke all questions of the type, 
“what was tire cause of tliis state*’, by assigning a pre ^ces 
sor to every given state. The question of the origin ot 
the universe would then be answered in tlie same way 
as the question of the smallest number: the ormu a o 
the expansion would say tliat there is no origin ° 
universe, but that there is an infinite senes o ca 
states ordered in time. It remains to be seen w 
this interpretation is compatible with ^tronomica • 
somewhat different_conception ^^i^rse 

was developed by J^dingm n. X sma c 
filled by a glowing gas ^ persist for a oi^ .usnended 
thus in an equilibrium, unlike a bal o ^ 

in an infinite universe. But it is noi e»3rts an 

librium inasmuch as the slightest istur rhou- 

expansion, which leads to the evoluuon ^ 
million years accounted for by 
physics. The instability to which ^is - ^^qua- 

can be shown to be a consequence o t le reaches 

tion. Aher the P-io^^^ * 

ssXd’S: s: ~ 

stable and that small disturbances ^stonisliingly 

jor change. This world picture „ov J 

Democritus’ and Epicurus’ ,i,„e until a 

in good order tlirough space for a f ^^^^tion 

slight disturbance occurred, whicii y 
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turned the orderly motion into a chaos, from which the 
complicated structures of our world evolved. Epicurus’ 
assumption of a slight disturbance without cause, often 
attacked by adherents of a strict determinism, appears 
admissible for an indeterministic physic^ Quant um me- 
chanics. would„regard the ^primordial as sublet to. 
fluctuations controlled by the laws of chance, and th ere 
is no difficulty in assuming that it took a long time.untiL 
chance produced a fluctuation large enough to start-the. 
^pansion of the universe. The abandonment of de- 
terminism makes it possible to^concewe of a beginning 
of evolution which is not a creation but a. product, of 
chance. And it is a gradual beginning, because the transi- 
tion from chance fluctuations to the disturbance is con- 
tinuous and cannot be assigned to one definite time point. 

There is also the possibility of a very different solu- 
tion. The study of time order has led to the result that 
the direction of time derives from the irreversibility of 
thermodynamic processes and is thus a matter of statis- 
tics (chap. lo). It is very probable, but not absolutely cer- 
tain, that energy “runs down” from higher forms to a 
state of uniform temperature. The “running down” of 
the universe is therefore a matter of statistics, and it is 
not impossible that reverse processes occur, that even 
the whole universe “runs up” for some time. The phrase 
“for some time” in this sentence has a questionable mean- 
ing, because if the universe “runs up”, what we call the 
direction of time would be the opposite direction, and 
human beings living in such a period would regard this 
opposite direction as the direction of “becoming”. In 
fact, the possibility referred to, which was envisaged by 
Boltzmann, means nothing less than that there is no 
such thing as a linear time sequence for the universe as 
a whole, but that time disintegrates into separate threads 
each of ^vhich has a serial order, whereas there is no 
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supertime in terms o£ which the threads themselves could 
be ordered. Toward both ends tlie time of each thread 
would run out without terminating in a sharp point of 
demarcation, like a river in the desert. The stretch of 
time which die astronomers accord to our universe, from 
two thousand million years ago to ten diousand million 
years hence, might be one of those time direads. The 
nature of such a broken-up time has not yet been much 
investigated: but diere is no doubt that it offers one of 
die possible forms for a solution of the time problem. 

Incidentally, Eddington’s conception of the begin- 
ning of die world must also be related to such an analy- 
sis of time. As Eddington indicates, only the period ot 
evolution can be regarded, in diis conception, as posses- 
ing a time; the two long periods of equilibrium before 
and after this time thread cannot be said to 
time order because they do not 

processes. It therefore does not make much diff^ence 
whetlier tliey are regarded as finite or -nfimte. To re- 
gard them as finite and to ask what was before dm first 
stationary period, or after the second, wou 
employ a supertime, which we saw cannot be meaning 
fully defined*. It seems there is no reason to descnbe the 
unlLrse in an infinite time scale, which « 
mathematical schema rather dian 

Sion from physical reality. Observable phenome^^can 

always be accounted for in terms o a ni ■ ^ ^ ^ 

extending from one timele«i state to anodier w.diout 
sharply demarcated beginning or en . • 

science will some day “eade. P 
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noinical evidence ivhich, at pres ’ •, mucli 

not conclusive. The solution will have to wait for mu 
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more observational material.* DifTicult as it is to find the 
answer, there is no reason to end a discussion of evolu 
tion with a dogmatic “we shall never know”. Those ^vho 
believe that such is the last word should reexamine th^it 
questions; they will find that what they were asking 
no meaning. It has no meaning to ask what is tlie cause 
o the universe. All explanation must start with some 
matter of fact. Science can only push the matter of bet 
ack to some logical place where it supplies a maximum 

of explanation. 


L of meaningless questions from ph* 

op y IS difficult because there exists a certain typ^ ^ 
enta ity that aspires to find unanswerable questions 
that science is of a limited 

than nn ^ foundations depend on faith ratb^ 
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no support in logic. There are 
conclude with^'^^ "'*'6" their lectures on evolution 
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Modern Logic 


T he construction of symbolic logic has become 
one of the outstanding characteristics of scien- 
tific philosophy. Originally tlie secret code of 
a small group of mathematicians, this logic 
has more and more attracted the attention of die student 
of philosophy and has become the stage of important 
developments of philosophical thought. A short presen- 
tation of the evolution that led to symbolic logic, of IB 
problems and its solutions, may appear welcome to alt 
tliose who have no time for a technical study of the ne 
branch of philosophy. t •T'u^r 

The science of logic is a discovery of the 
does not mean that there was no logical Uiinki „ 
the Greeks. Logical thought is as old “ ^ 

successful act of thinking is control ed by ° 

logic. But it is one thing to apply 
ingly in practical thought operations, 
formulate tliem explicitly, so as to co e lotrical 

form of a tlieory. It is tliis planned inquiry into logical 

rules which began with Aristotle. „l,at we 

Aristotle concentrated bis He 

know today to be a very special ° 

formulated tlie rules of inference hat is, a^mfe^ 

ence referring to membership in in . .fie class 

understand all kindsofgroups^r—e.lAe^ 

of human beings, or of cats. i ha 
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for the logician, an instance of class membership: Socrates 
is a member of the class of men. An inference concerning 
class membership is called a syllogism. For instance, from 
the two premises “all men are mortal” and “Socrates is 
a man” we infer the conclusion “Socrates is mortal”. 

At first sight, inferences of this type appear trivial; but 
such judgment would be unfair to Aristotle. What Aris- 
totle discovered was that there is such a thing as the form 
of an inference, to be distinguished from its content. The 
relation between premises and conclusion, illustrated by 
the inference concerning Socrates, is independent of the 
particular classes referred to; it would hold as well for 
other suitable classes and individuals. With the study of 
logical forms Aristotle made the decisive step that led 
to the science of logic. And he explicitly formulated some 
of the fundamental principles of logic, such as the princi- 
ple of identity and that of contradiction. 

But it is only the first step that was made by Aristotle. 
His logic covers merely some particular forms of thought 
operations. In addition to classes, there are relations. A 
relation does not have individual members, but refers to 
pairs of members (or triplets of members, or even groups 
of more members); that Abraham is the father of Isaac 
is a fact which concerns both Abraham and Isaac and 
therefore requires the relauon “father of” for its expres- 
sion. Similarly, if Peter is taller than Paul, the relation 
“taller than” holds between tlie two persons. Inferences 
concerning relations cannot be expressed in a class logic. 
For instance, Aristotle’s logic cannot prove that if Abra- 
ham IS the father of Isaac, Isaac is tlie son of Abraham; 
his logic does not have the means of expressing the form 
of this inference. 

One would like to believe that it should not have been 
too difTicult for the discoverer of class logic to extend his 
work to a logic of relations, since the language he spoke 
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was as sophisticated as ours and had all the grammatical 
forms necessaiy for the treatment of relations. Moreover, 
Aristotle knew tlie existence of relations; in his book on 


categories he explains very clearly tliat a relation like 
“greater than” requires two tilings between which it 
holds. But he does not extend his tlieory of inference 
so as to include relations. It may be tliat the author of 
class logic was too much interested in more metaphysical 
questions to have tlie time for making his logical v\ork 
complete. But tlien one of his disciples could have un- 
dertaken a logic of relations. Strangely enough, no such 
thing happened. Aristotle seems never to have reali^d 
tlie limitations of his logic. His disciples added a few de- 
tails, but did not go essentially beyond the work of their 
master. And there was no change for tlie better m the 
following centuries. The history of logic shows the pe- 
culiar picture of a science dial for more than tvvo Uiou- 
sand years remained in Uic rudinicnury suge m which 

its founder had left it. . . . r .i 

What is die explanation of diis historical fact? Com- 
pared with the enormous progress winch mathematia 
and science made within those two diousan yea , 
history of logic looks like a barren spot in the « 

knowledge. What cause can account for this 

More dian any other cliaptcr of philosophy, >0='^ ^ 
quires a technical treatment of its pro^ i™,,a2e'’hut 
problems arc not solved through picture ‘ ® 

require die precision of the muxissihle 

even the statement of the problem is o ^ o,.,t of 
widiout the help of a language as • , • ^i^gol 

madieniatics. It was the merit of 

to have created die beginnings of a tec 1 i„.,r.nifi. 
of logic, to which die .Middle Ages made a 
cantSlditions. But that is all dial 

tion during those two thousand years. 1 eg 
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maticians provided their science with a highly efficient 
technique, the technique of logic was neglected; in fact, 
traditional logic offers the poor aspect of a science that 
never became the workshop of a great man. It appears 
that the born masters of abstract thought, instead of be- 
ing attracted by logic, were absorbed by the science of 
mathematics, which offered to them greater possibilities 
of success. This applies even to the time of Aristotle; the 
logical analysis invested in the construction of mathe- 
matics by men like Pythagoras and Euclid surpasses by 
far the analytic achievements arrived at in Aristotle’s 
logic. Without the help of the mathematical mind, logic 
was doomed to remain in an infantile stage. Kant, 
although unable to create a better logic, judged the situa- 
tion correctly when he expressed his astonishment at the 
fact that logic was the only science that had not made any 
progress since its beginnings. 

first great mathematician whose interest turned 


toward logic was Leibni z. His results were revolutionary, 
and he started out with the program of a symbolic nota- 
tion which, had he pursued it with the same energy and 
genius that he bestowed upon his invention of the differ- 
ential calculus, would have speeded up the growth of 
symbolic logic by 150 years. But his work remained frag- 
mentary and unknown at his time; writers of the nine- 
teenth century had to collect it from letters and unpub- 
lished manuscripts. The turning point in the history of 
ogle was the middle of the nineteenth century, when 
mathematicians like Boole and de Morgan undertook 
to set forth the principles of logic in a symbolic language 
ot the kind of the mathematical notation. The con- 
^ruction of symbolic logic -was carried on by men like 
G. Peano, C. S. Peirce, E. Schroder, G. Frege, B. Russell, 
with whom a new type of philosopher, the mathematical 
logician, entered upon the scene of history 
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Like the philosophy of space and time, die new logic 
grew not from traditional philosophy, but from the soil 
of mathematics. A domain that so long had been neg- 
lected by mathematical thought was discovered to offer 
possibilities for a technical treatment similar to the tech- 
nique of mathematics. With the construction of symbolic 
logic the nineteendi century made anodier contribution 
to philosophy. If the position of die nineteendi century 
in the history of thought is seen as described above, such 
a development will appear natural. The attempt to cre- 
ate a practicable technique, so successful widiin all sci- 
ences, was transferred to die domain of logic. The tech- 
nique of logic, at the same time, offered itself as a tool 
for the investigation of die foundations of knowledge, 
which inquiry, in turn, appeared a natural consequence 
of the complication and the refinement of ^lentilic 
thought. And the barren spot in die garden of knowl- 
edge began to be tilled with the highly developed tech- 


nique of mathematics. . 

Why is die introducdon of a synabolic notation of so 
much import to die science of logic? It has ^ 

same significance as a good mathematical notation, up 
pose you are given die problem: ‘ If i^cre 5 yc 

younger, he would be twice as old as Pau was w ic 
was 6 years younger, and if Peter 9 ° vr^rs 

would be dirice as old as Paul, if ^ ? k 

younger”. Try to solve it in tlte head by “dd.ng and sul> 

tracting and considering all tlic its, an yo 

arrive at a sort of dizziness as though you U 

on a merry-go-round. Tiicn take a pen an p p ’ , 

Peter’s a^ * and Paul’s age y, wr.tc ‘‘n"" 

ing equations and solve them die way >ou 

high ?chool-and you will know what a 

nique is good tor. There arc similar pro c .• f;„ 

”It is certainly not tl.e case that Cleopatra was ahsc 
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1938 and was not married to Hitler and not to Musso- 
lini”. What does that sentence combination mean? The 
mathematical logician shows you how to write it in sym- 
bols, then transforms the expression by operations simi- 
lar to those you learned for the use of x and y, and finally 
tells you that the sentence means “if Cleopatra had been 
alive in 1938, she would have been married to Hitler or 
to Mussolini”. I do not wish to say that the unraveled 
utterance is of great political significance; but the ex- 
ample illustrates the use of a symbolic technique. The 
application of the notation to problems of greater signif- 
icance cannot be explained here, but it will appear ob- 
vious that the symbolic notation will also be useful if it 
is applied to formulations of technical issues in the sci- 
ences. 

The symbolic notation is not only a tool to solve prob- 
lems, but also clarifies meanings and enhances the func- 
tioning of logical thought. One of my students, whose 
brain was slightly injured through an automobile acci- 
dent, complained that he had difficulties in understand- 
ing the meaning of involved sentences. I gave him exer- 
cises of the above mentioned type which he did by the 
help of the symbolic notation, and after a week or two 
he told me that his thinking had greatly improved. 

Symbolic logic, furthermore, has found an important 
application in the grammatical analysis of language. The 
grammar which we learned in school has grown out of 
Aristotelian logic and is by no means appropriate for 
delineating the structure of language. Aristotle’s unfor- 
tunate failure to proceed to a logic of relations has led 
grammarians to the conception that every sentence must 
have one subject and a predicate, an interpretation in- 
adequate for a great number of sentences. It is true that 
the sentence "Peter is tall” has the subject “Peter” and 
tlie predicate “tall”. But the sentence “Peter is taller than 
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Paul” has two subjects, namely, “Peter” and * Paul , 
since tlie predicate “taller than" is a relation. The mis- 
understanding o£ linguistic structures, originating from 
adherence to Aristotelian logic, has seriously impaired 


the science of linguistics. 

New prospects are offered by a cooperation of tlie 
logician and the linguist. For instance, tlie nature of the 
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of verbs and of many other features of language appears 
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us to judge the various means of expression of t ic m 
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is too involved to express logical relations of this degree 
of complexity. 

With his reduction of mathematics to logic, Russell 
completed an evolution whicli began with the develop- 
ment of geometry and which I described above as a dis- 
integration of the synthetic a priori. Kant believed not 
only geometry but also arithmetic to be of a synthetic 
a-priori nature. With his proof that the fundamentals of 
arithmetic are derivable from pure logic, Russell has 
shown that mathematical necessity is of an analytic na- 
ture. There is no synthetic a priori in mathematics. 

But if logic is analytic, it is empty; that is, it does not 
express properties of physical objects. Rationalist phi- 
losophers have repeatedly tried to regard logic as a sci- 
ence descriptive of some general properties of the world, 
as a science of being, or ontology. They believe that such 
principles as “everything in the world is identical with 
itself" inform us about properties of things. They over- 
look the fact that all the information supplied by this 
sentence consists in a definition laying down the use of 
the word “identical" and tliat what we learn from the 
sentence is not a property of things, but a linguistic rule. 
Logic formulates rules of language — that is why logic is 
analytic and empty. 

I should like to explain more precisely tlie analytic 
nature of logic, the reason logic is said to be empty. Logic 
connects sentences in such a way that the resulting com- 
bination is true independently of the truth of the indi- 
vidual sentences. For instance, the sentence combination 
“if neither Napoleon nor Caesar reached an age of sixty 
years, then Napoleon did not reach the age of sixty years" 
is true whether or not Napoleon, or Caesar, died before 
the age of sixty years; this combination therefore does 
not inform us about the age reached by the persons re- 
ferred to. That is what we mean by emptiness. On die 
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With his reduction of mathematics to logic, Russell 
completed an evolution which began with the develop- 
ment of geometry and which I described above as a dis- 
integration of the synthetic a priori* Kant believed not 
only geometry but also arithmetic to be of a synthetic 
a-priori nature. With his proof that the fundamentals of 
arithmetic are derivable from pure logic, Russell has 
shown that mathematical necessity is of an analytic na- 
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look the fact that all the information supplied by this 
sentence consists in a definition laying down the use of 
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sentence is not a property of things, but a linguistic rule. 
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analytic and empty. 
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that im predicable is impredicable. Our assumption states 
that impredicable has the property it represents; there- 
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find. As explained, the discovery oi empty relations can 
be an extremely difficult task, and the amount of labor 
and ingenuity involved in mathematics is evidence of 
the far-reaching significance of mathematical research. 

Symbolic logic was widely used in the elaboration of a 
new mathematical discipline constructed in the nine- 
teenth century: the theory of sets. The word "set” has 
the same meaning as the rvord “class” explained above 
with reference to Aristotelian logic. But how different 
is the theory of classes developed by the mathematicians 
of the nineteenth century from the class calculus of the 
Aristotelian logicl It is incomprehensible why the Aris- 
totelian class logic still fills the usual textbooks on logic 
in an era which differs from that of Aristotle about as 
much as the railroad from the oxcart. 

But symbolic logic has not always bestowed success on 
the logician. It has also led into difficulties, which were 
discovered by Russell and formulated in the antinomies 
of the theory of classes. An example may illustrate the 
problem. 

When we regard a property, we can ask whether this 
property has itself the same property. In general, this will 
not be the case. Thus the property red is not red. It is 
different with other properties; for instance, the prop- 
erty imaginable is imaginable, the property determined 
is determined, and the property old is old, since it cer- 
tainly existed even in prehistoric times. Let us use the 
name predicable for properties of the second kind; the 
others are then called impredicable. We have here an 
exhaustive classification; every property must be either 
predicable or impredicable. Where, then, must we clas- 
sify the property impredicable? 

Assume that impredicable is predicable; then it has 
the property which it represents, like imaginable, and 
therefore, impredicable is impredicable. Now assume 
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guage as instruments of communicating meanings to 
other persons. The highly emotional connotations of vari- 
ous forms of language, such as poetry or the language of 
the orator, are studied in the theory of signs mth the 
help of modem psychology. Logic accounts only for the 
cognitive usage of language; the investigation o le i 
strumental usage of language requires another science, 
the science of semantics. Thus the rise o ^ mo em og 
has brought to life another science, whicli dea s nit 
those properties of language that are, and must be. ais- 
regarded in logical analysis. 
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by the modem mathematician, and it is still an open 
question whether Hilbert’s program of a proof of con- 
sistency can be carried through. What the answer idll 
be is one of the unsolved problems of modern logic. That 
such problems exist may demonstrate the fact that mod- 
em logic requires further research; a great deal of analy- 
sis of a kind never anticipated in traditional logic re- 
mains to be done. 

The study of the antinomies and the theory of types 
have led to a distinction of great importance; the distinc- 
tion between language and metalanguage. (The name is 
derived from the Greek word “meta”, meaning “be- 
yond”.) Whereas the usual language speaks about things, 
the metalang;uage speaks about language; it is the meta- 
language, therefore, which we talk when we construct a 
theory of language. Such words as “word”, “sentence”, 
and so forth, are words of the metalanguage. A frequent 
means of expressing the transition to the metalanguage 
is the use of quotation marks; when we speak about the 
word “Peter”, tve include it in quotes and thus indicate 
that we do not speak about the man. For instance, “Peter” 
has five letters, whereas Peter plays baseball. If the two 
languages are mixed up, certain antinomies can be con- 
structed, and the distinction of levels of language is there- 
fore a necessary prerequisite of logic. The sentence “what 
I say right now is false” leads to contradictions, because 
if it is true, it is false, and if it is false, it is tme. Such a 
sentence must be regarded as meaningless because it 
speaks about itself and violates the distinction of levels 
of language. 

The study of the metalanguage has led into a gen- 
eral theory of signs, often called semantics, or semiotics, 
which investigates the properties of all forms of linguis- 
tic expression. This term includes such signs as traffic 
signs, or pictures, which are used like articulate Ian- 
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guage as instruments of communicating ineanings to 
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that i£ symbolic logic were sufficiently developed, all 
scientific controversies could be eliminated: instead o£ 
arguing against each other, scientists would say calcu- 
lemus, meaning “let us figure it out”. The modem logi- 
cian is not that optimistic. Knowing that the operations 
o£ the machine would be restricted to deductive logic and 
its achievements would thus depend on the quality o£ 
the premises which the human operator feeds into it, the 
logician of our day would be content if, at least, some 
controversies could be settled in that ^vay. 

Logic is the technical part of philosophy; for that very 
reason, it is indispensable for the philosopher. The old- 
style philosopher, afraid of the precision of a technique, 
would like to exclude symbolic logic from the domain 
of philosophy and leave it to the mathematician. He does 
not have much success. The younger generation, as far 
as it has learned the symbolic notation in elementary 
logic classes, knows the value of the new form of logic 
and insists on its application. Like every notational tech- 
nique, symbolic logic at first appears cumbersome and 
confusing to the student; it is only after some training 
that the new technique is recognized to be an instmment 
that facilitates logical understanding and makes ideas 
clear. In the teaching of symbolic logic I have had the 
experience that in the beginning the majority of the stu- 
dents are afraid of the notation and hate it; but after 
about two weeks of practice the picture changes and an 
amazing enthusiasm for the symbolism spreads tlirough 
the class. There remain only a few students who never 
fully understand and always dislike the symbolism. 

It seems to be the fate of symbolic logic that it is either 
hated or welcomed enthusiastically. Those who cannot 
attain the second stage might accomplish more in other 
fields than scientific philosophy and find success in less 
abstract applications of the powers of human thought. 
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such as employed in the hypoihetico-deductive method 
o£ the scientist (chap. 6), are far superior to Bacon’s sim- 
ple induction. But this method cannot supply logical 
necessity either; its conclusions may be false, and the re- 
liability of deductive logic is unattainable for predictive 
knowledge. 

The hypothetico-deductive method, or explanatory in- 
duction, has been much discussed by philosophers and 
scientists but its logical nature ht^ often been misunder- 
stood. Since the inference from the theory to the observa- 
tional facts is usually performed by mathematical meth- 
ods, some philosophers believe that the establishment of 
theories can be accounted for in terms of deductive logic. 
This conception is untenable, because it is not the in- 
ference from the theory to the facts, but conversely, the 
inference from the facts to the theory on which the ac- 
ceptance of the theory is based; and this inference is not 
deductive, but inductive. What is given are the observa- 
tional data, and they constitute the established knowledge 
in terms of which the theory is to be validated. 

Moreover, the way this inductive inference is actually 
made has led some philosophers to a second form of mis- 
understanding. The scientist who discovers a theory is 
usually guided to his discovery by guesses; he cannot 
name a method by means of which he found the theory 
and can only say that it appeared plausible to him, that 
he had the right hunch, or that he saw intuitively which 
assumption would fit the facts. Some philosophers have 
misunderstood this psychological description of discov- 
ery as proving that there exists no logical relation lead- 
ing from the facts to the tlieory; and they contend that 
no logical interpretation of the hypothetico-deductive 
method is possible. Inductive inference is for them guess- 
work inaccessible to logical analysis. These philosophers 
do not see that the same scientist who discovered his 
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theory through guessing presents it to others only after 
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however, is oversimplified. In order to make the induc- 
tive inference, much more has to be known than the 
deductive relation from the theory to the facts. 

A simple consideration makes it obvious that the in- 
ference by confirmation has a more complicated struc- 
ture. A set of observational facts will always fit more than 
one theory; in other words, there are several theories 
from which these facts can be derived. The inductive in- 
ference is used to confer upon each of these theories a 
degree of probability, and the most probable theory is 
then accepted. In order to differentiate between these 
theories obviously more must be known than the deduc- 
tive relation to the facts, which holds for each of them. 

If we want to understand the nature of tlie inference 
by confirmauon, we have to study the theory of prob- 
ability. This mathematical discipline has developed meth- 
ods which cover the general problem of indirect evidence, 
of which the inference that validates scientific theories 
is but a special case. For an illustration of the general 
problem 1 should like to mention the inferences made 
by a detective in his search for the perpetrator of a crime. 
Some data are given, such as a blood-stained handker- 
chief, a chisel, and the disappearance of a wealthy dow- 
ager, and several explanations offer themselves for what 
has happened. The detective tries to determine the most 
probable explanation. His considerations follow estab- 
lished rules of probability; using all the factual clues^and 
all his knowledge of human psychology, he attempts to 
arrive at conclusions, winch in turn are tested by new 
obsen'ations specifically planned for this purpose. Each 
test, based on new material, increases or decreases the 
probability of the explanation; but never can tlie ex- 
planation constructed be regarded as absolutely certain. 
The logician who tries to reconstruct the inferential 
sclicma of the detective finds all the necessary logical 
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equipment in tlie calculus o£ probability. Even though 
he lacks the statistical material required for «act com- 
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Rationalists o£ modern times, seeing the indispensability 
of probability notions, have attempted to construct a 
rationalist theory of probability. Leibniz’ program of a 
logic of probability in the form of a quantitative logic, 
to measure degrees of truth, was certainly not meant to 
represent an empiricist solution of the problem of prob- 
ability. The challenge was taken up by logicians who had 
the resources of symbolic logic at their disposal. Boole’s 
logic of probability is perhaps to be classified on the ra- 
tionalist side; and certainly Keynes’ symbolic theory of 
probability belongs on this side, with its attempt to in- 
terpret probability as a measure of rational belief. These 
ideas have been taken up by some contemporary logicians 
who would not like to be classified as rationalists, but 
whose work actually puts them in this group, at least as 
far as their interpretation of probability is concerned. 

For the rationalist, a degree of probability is the prod- 
uct of reason in the absence of reasons. If I toss a coin, 
will heads or tails turn up? I do not know anything about 
it, and I have no reason to believe in one alternative 
rather than in the other; therefore I regard the two pos- 
sibilities as equally probable and accord to each the prob- 
ability of one-half. The absence of reasons is construed 
as a reason to assume equality of probabilities; such is 
the pnnciple of a rationalist interpretation of probabil- 
ity. This principle, known under the name of the prin- 
ciple of indifference, or of no reason to the contrary, is 
considered by the rationalist as a postulate of logic. It 
appears to him self-evident, like logical principles. 

The difficulty with this interpretation of probability 
IS that it abandons the analytic character of logic and in- 
troduces a synthetic a priori. A probability statement is 
not empty; when we toss a coin and say that the proba- 
bility of heads turning up is one-half, we say something 
about future events. What we say is perhaps not easy to 
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formulate; but there must be some reference to the fu- 
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future, but simply expresses the < ^ event than 

more kno^vledgc about the interpretation 

about that of the opposite event, n justified, 

the probability statement is, oi r° In oilier 

but it loses its character as a .8!'“’’: ‘ jimorancc 

words: it is true that the transition ^ synthetic 

to equal probability is tlien ana > prohahili- 

transition remains to be cxplamc . rcgartl equal 

ties mean equal ignorance, wdiy * ,l,is qties- 

probabilities as justifying a rni)' ‘ ' analytic intcr- 
tion the very problem returns " ,s.us intended 

pretation of the principle of indifference 
to c\ade. 
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The rationalist interpretation of probability must be 
regarded as a remnant of speculative philosophy and has 
no place in a scientific philosophy. The philosopher of 
science insists that the theory of probability be incorpo- 
rated in a philosophy which does not have to resort to a 
synthetic a priori. 

The empiricist philosophy o£ probability is based on 
the frequency interpretation. Probability statements ex- 
press relative frequencies of repeated events, that is, fre- 
quencies counted as a percentage of the total. They are 
derived from frequencies observed in the past and in- 
clude the assumption that the same frequencies will hold 
approximately for the future. They are constructed by 
means of an inductive inference. If we regard the proba- 
bility of heads for the tossing of a coin as being given by 
one-half, we mean that in repeated throws of the coin 
heads will turn up in 50 per cent of the cases. In this in- 
terpretation the rules of betting are easily explained; to 
say that fifty-fifty is a fair bet for tossing a coin means that 
the use of this rule will in the long run afford equal gains 
to both parties. The merits of this interpretation are ob- 
vious; what we have to study are its difficulties. In fact, 
there are two essential difficulties connected with the 
frequency interpretation. 

The first is the use of the inductive inference. It is true 
that for the frequency interpretation the degree of prob- 
ability is a matter of experience and not of reason. If we 
had not observed that in tossing a coin we eventually 
arrive at an equal frequency for both faces, we would 
not speak of equal probabilities; the principle of indif- 
ference is merely a rationalist misinterpretation of a 
knowledge acquired from experience. This misinterpre- 
tation recalls similar rationalist fallacies, like the apri- 
orist interpretation of the laws of geometry and of the 
principle of causality, which modem science has likewise 
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revealed to be a product o£ experience. But the ^ssemon 
that frequent repetitions of similar even« are subject to 
numerical regularities can only be established by u e 
of inductive inferences and seems to involve => 
not derivable from experience. Between ^ P 
philosophy and a solution of the pro ena o 
Lnds Erne’s criticism of ‘he inductwe mtoence. 
which shows tliat induction is neither a prior P 

.. >^s;rrr;“ 

concerns the applicability of a prob ill and I 

single case. A dose relative of mine is , 

ask the doctor about the P™babibty 
will live. The doctor answers Uiat in ^ P ; j 

of this disease the patient doc- 

quency statement help ^"^^‘““/ilHell him what per- 
tor, who has many pat‘e"“- “ ' . ajsease. But I am 
centage o£ them will not die froni j wnnt to 

interested only in iWc It seems to make 

know with what probability he wi ’ is stated in 
no sense when a probability of a single eient is 

terms of frequencies. , tlie other, 

I sh,all answer the two objections ° assign 

beginning with the second. It is tn ■ ^ 
a probability to a single event. Bi ^ jj 3 

the meaning we usually associa disaission 

correct interpretation. Consider i ^ 
oE the meaning oE an implication ^ magnetic ncctUc 
trie current flows through the 'Mr if.then relation 

'vill be deflected”. We believe ^ the electric 

has a meaning for this jpAcciion of the needle, 

current necessarily produces tlic .„,_^,ciaiion is mis- 
l/^ical analysis shows us that t merely dc- 

taken, tliat tlic necessity of the i P ^can hy 
rives from its generality^ and i la 
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necessary connection o£ the two events is the fact that 
if one event happens, the other one will always occur. In 
an individual instance we forget about this analysis and 
believe we can speak of an implication concerning this 
instance alone. It is not easy to get away from this inter- 
pretation. “li I turn on this faucet, the water will run'’. 
It appears so obvious that we speak about nothing but the 
individual instance, that turning on this faucet produces 
the running of the water. When the logician explains to 
us that there is a reference to generality involved in the 
statement, that we are speaking about all faucets in the 
world, we are unwilling to believe him — and yet, we 
have to accept his interpretation if our words are to have 
any verifiable sense. 

Of the same kind is the interpretation of the proba- 
bility statement. We believe it has a meaning that there 
is a 75 per cent probability that Mr. X will live; yet all 
that is said refers to a class of persons having a similar 
disease. We might wish very much to know something 
about the individual case. But Mr. X will either live or 
not live — It makes no sense to attach a degree of proba- 
bility to an individual event, because one event is not 
capable of being measured by degrees. Assume Mr. X 
survives his illness — does that fact verify the prediction 
which referred to a probability of 75 per cent? Obviously 
not, because a probability is compatible with the hap- 
pening as well as with the nonhappening of the event. If 
we consider a great number of events, the fraction of 75 
per cent is expressible and therefore testable through 
observation. But an individual event cannot occur to a 
degree. A statement about the probability of a single 
event is meaningless. 

Yet such statements are not as unreasonable as might 
appear after this logical analysis. It may be a good prac- 
tice to attach a meaning to a probability statement about 
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a single event, if daily experience supplies us widi a num- 
ber of similar cases. The man who believes that if he 
turns on the faucet, tlie water must flow, has develope 
a good habit in so far as his belief will lead him to 
statements about the totality of such events, im , 
the man who believes that a probability o 75 P 
applies to a single case has developed a goo a , 
cause his belief will induce him to say t la „„i, 
number of similar cases 75 per cent will have d e result 
referred to. This consideration applies even ^ 

daily experience does not supply us wit i v-arious 

but with a number of events of various '^'"ds “d 
degrees of probabilities. We may be confronted tod.a> by 
a case of disease for which there is a 75 P ^ P . 
bility of survival, tomorrow by a F tomor- 

weather o£ 90 per cent probability, ‘uMiiv concern* 
row by a pr^dfetion of 6o per -n^e 
mg the stock market— if m jjght in the 

more probable event to J ^^.^r^day 

greater number o£ cases. The m > ^ 

life constitute a scries, inliomogcn . proba- 

vvhich admits of the frequency intcjP^^,|.^^ 
bility. To spe.ak of a meaning of p o jj 

event is a harmless or even useful liauu. 
to a correct evaluation of the f“t"tc ■ . „ scries of 

guage is translated into a stateme 
events. . , c the logi- 

Linguistic habits of diis km ,,,1,1,5 .i place 

Clan unhappy. He has means mail having a 

in logic. He regards expressions o ,no<ie of 

ficiitioiis meaning, as repr«enu s • 
speech, which has acquirevl an a, J • tram- 

hill which is meaningful only ucca |og!ci.m 

latcd into a statement of a differen jnhniicly dis- 

allows the malhcmatician to spea 
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tant point at which two parallels intersect, because he 
knows that all the statement means is that the two lines 
do not intersect at a finite distance. The logician will also 
allow a man to speak of a necessary implication in a 
single case, or of a probability in a single case, and regard 
such mode of speech as representing a fictitious meaning. 
Using a technical term he speaks of a transfer of meaning 
from the general to the particular case. Whenever lin- 
guistic habits are useful, the logician will always be able 
to account for them. 

Differences arise, not in the language of everyday life, 
but when we speak about the meaning of such statements. 
These differences concern philosophy. The logician, who 
sees that probability statements refer to a frequency, ar- 
rives at a peculiar evaluation of probability statements, 
which differentiates them from other statements. I should 
like to explain this difference more closely. 

Suppose somebody casts a die and you are asked to pre- 
dict whether or not face “six” will turn up. You will 
prefer to predict that face “six” will not turn up. Why? 
You do not know it for certain; but you have a greater 
probability, namely of %, for “nonsix” than for “six”. 
You cannot claim that your prediction must come true; 
but it is advantageous for you to make this prediction 
rather than the contrary one, because you will be right 
in the greater number of cases. 

A statement of this kind I have called a posit. A posit 
is a statement which we treat as true although we do not 
know whether it is so. We try to select our posits in such 
a way that they will be true as often as possible. The de- 
gree of probability supplies a rating of the posit; it tells 
us how good the posit is. Such is the only function of a 
probability. If we have the choice between a posit of the 
rating % and one of the rating we shall prefer the 
first, because this posit will be true more often. We see 
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that the degree o£ probability has nothing to do with the 
truth o£ the individual statement, but tliat it £uncuon 
as an advice hoiv to select our posits. - 

The metliod o£ posiung is appUed to all kin^ o£ p 
ability statements. I£ we are told that tlie pro a i 
a rain tomorrow is 8o per cent, w'e posit * ' ^.j.ner 

and act accordingly, for instance, we te if 

that he need not come tomorrow to water , kj 

we have inlormation that the stock mar et wi p 
go down, we sell our stock. I£ tlie doctor tells us that 

smoking will probably shorten our 
smoking. I£ we are told that we shall pro ^ J 
vdth higher pay by aPP¥"o statements 

make the application. Although -,c nrobablc, 

about what will happen are only mainmin 

we treat them as and act accordingly, tliat is, 
employ them in the understanding of 

The concept oE posit is the key to , f,,turc can- 
predictive knowledge. A " °i 5 true; ue can al- 

not be uttered with tlie claim tliat 
ways imagine that the contrary ,^ot present to 

no guarantee that future cxperienc tery. fact is the 
us as teal what is imagination today. ^f knoul- 

Tock on which every rationalist intcrp r cxpcn* 

edge has been ^vrecked. A prediction ^ trial, I'C tal.c 
ences can be uttered only in tlic . the prediction 

its possible falsehood into account, a j^j^odier trial, 
turns out to be wrong, we are rca > instru- 

Tlie method of trial and error IS the posit; 

Went of prediction. A predict!' e s rating- 

instead of knowing its truth wc 

"‘hidi is measured in terms of its as posits 

Tlic interpretation of predictive ‘ empiricist 

solves the last problem that of induction. 

conception of knowledge: the pro 
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Empiricism broke down under Hume’s criticism of 
induction, because it had not freed itself from a fun- 
damental rationalist postulate, the postulate that all 
knowledge must be demonstrable as true. For this con- 
ception the inductive method is unjustifiable, since tfiere 
exists no proof that it will lead to true conclusions. It is 
different when the predictive conclusion is regarded as a 
posit. In this interpretation it does not require a proof 
that it is true; all that can be asked for is a proof that it is 
a good posit, or even the best posit available. Such a proof 
can be given, and the inductive problem can thus be 
solved. 

The proof requires some further investigation; it can- 
not be given simply by showing that the inductive con- 
clusion has a high probability. It requires an analysis of 
the methods of probability and must be based on con- 
siderations that are themselves independent of such 
methods. The justification of induction is to be given 
outside the theory of probability, because the theory of 
probability presupposes the use of induction. The mean- 
ing of this maxim will be made clear presently. 

The proof is preceded by a mathematical investiga- 
tion. The calculus of probability has been constructed in 
an axiomatic form, comparable to the geometry of 
Euclid; this construction shows that all the axioms of 
probability are purely mathematical theorems and thus 
analytic statements, if the frequency interpretation of 
probability is accepted. The only point where a non- 
analytic principle intervenes is the ascertainment of a 
degree of probability by means of an inductive inference. 
"We find a certain relative frequency for a series of ob- 
served events and assume that the same frequency will 
hold approximately for further continuation of the series 
— that IS the only synthetic principle on which the ap- 
plication of the calculus of probability is based. 
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This result is of greatest 

forms of induction, including the 'JP° methods, 

method, are expressible in terms o The 

with the sole addition of induction y ^ 

axiomatic method suppUes the proof *at " 
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that, if color varies among the individuals of other spe- 
cies, it may also vary among the swans. The example - 
shows that one induction can be corrected by another 
induction. In fact, practically all inductive inferences are 
made, not in isolation, but within a network of many 
inductions. A biologist once told me that he had tested 
the heredity of an artificial mutation through many gen- 
erations and thus was sure that it was a genuine mutation. 
When I asked him how many generations he had used 
for the test, he answered that he had examined fifty gen- 
erations of flies. The number would appear small to an 
insurance statistician, who is accustomed to deal with 
millions of cases before he makes an inductive inference. 
What is a large number? The answer can be given only 
on the basis of other inductions, which inform us how 
large a number must be in order that we can expect an 
observed frequency to persist. For a test'of heredity, fifty 
generations is a large number. When a doctor gives a 
Wassermann test to a patient, checking liim for syphilis, 
he makes only one observation; so the number one is 
here a large number for an inductive inference. That it 
is, is shown by other inductive inferences, which have 
established the fact that, if one test is positive or nega- 
tive, so will be all further tests. When I say that all 
inductive inferences are reducible to induction by enu- 
meration, I mean that they are expressible through a 
network of such simple inductions. The method by 
which these elementary inferences are combined can be 
of a much more complicated structure than the one em- 
ployed in the preceding examples. 

Since all inductive inferences are reducible to induc- 
tion by enumeration, all tliat is required for making 
inductive inferences legitimate is a justification of in- 
duction by enumeration. Such a justification is possible, 
ivhcn it is realized that inductive conclusions are not 
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claimed to be true statements, but are uttered merely m 
the sense of posits. 

When we count the relative frequen^ oE an eve . 
find that the percentage found varies with t le nu 
observed cases, but that the variations die dp’™ « * 
creasing number. For instance, birth statistics s i 
oE 1,000 births 49 per cent were boys; 
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that, if color varies among the individuals of other spe- 
cies, it may also vary among the swans. The example 
shows that one induction can be corrected by another 
induction. In fact, practically all inductive inferences are 
made, not in isolation, but within a network of many 
inductions. A biologist once told me that he had tested 
the heredity of an artificial mutation through many gen- 
erations and thus was sure that it was a genuine mutation. 
When I asked him how many generations he had used 
for the test, he answered that he had examined fifty gen- 
erations of flies. The number would appear small to an 
insurance statistician, who is accustomed to deal with 
millions of cases before he makes an inductive inference. 
What is a large number? The ansu'er can be given only 
on the basis of other inductions, which inform us how 
large a number must be in order that we can expect an 
observed frequency to persist. For a test‘of heredity, fifty 
generations is a large number. When a doctor gives a 
Wasserraann test to a patient, checking him for syphilis, 
he makes only one observation; so the number one is 
here a large number for an inductive inference. That it 
is, is shown by other inductive inferences, which have 
established the fact that, if one test is positive or nega- 
tive, so will be all further tests. When I say that all 
inductive inferences are reducible to induction by enu- 
meration, I mean that they are expressible through a 
network of such simple inductions. The method by 
which these elementary inferences are combined can be 
of a much more complicated structure than the one em- 
ployed in the preceding examples. 

Since all inductive inferences are reducible to induc- 
tion by enumeration, all that is required for making 
inductive inferences legitimate is a justification of in- 
duction by enumeration. Such a justification is possible, 
when it is realized that inductive conclusions are not 
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This solution oE the problem of induction will be 
clarified if it is confronted tvith the rationalist tlieory of 
probability. The principle of indifference, whicli oc- 
cupies a logical position similar to that of the principle 
of induction because it is used for the ascertainment of a 
degree of probability, is regarded by the rationalist as a 
self-evident principle of logic; he tlius arrives at a sjn- 
thetic self-evidence^ at a synthetic a priori logic. Inci- 
dentally, the principle of induction by enumeration is 
often also regarded as a self-evident principle;^ tins con- 
ception represents a second version of a synthetic a pnon 
logic of probability. The empiricist conception of induc- 
tive logic is essentially different. The principle of induc- 
tion by enumeration, which constitutes its only synthetic 
principle, is not regarded as self-evident, or as a postulate 
which logic could validate. Wliat logic can prove is that 
the use of the principle is advisable if a certain aim is 
envisaged, the aim of predicting the future. This prooi, 
the justification of induction, is consirucied in terms or 
analytic considerations. The empiricist is alloivc to 
a synthetic principle, because he does not assert that iiie 
principle is true or must lead to ime cone 
correct probabilities or to any hind of success, a * 
sens is that employing the principle is the best he ct • 
This renunciation of any iruih claim cna 1 es 1 

Plidllj refer to UiKscIl’s objcctiom. s'oee it tanciiace 

'^‘pubhshctl ntiiliusprcscntiuonofmwiwo ^ 

« mere explicit m its formiibimn* CTituuni i» R “ 

luhed in Ccrirnn Jn 1055 a"** "" R.IU1I »'Iio lus contnbuinl 
*0 *»c rc^petted scriousl) that DcrUanil Rt ♦ ;n3tJirtoatir» 1 i» 
to tlic chmimuon of the 8>nt!tctic a p nrjori in tl c il of 
spparcnily l»ccomc »lic aiUocaie of a in«liian?n '^n 

rrobah.hty and induct.on He hcf.ci« «hat Vf IoomI 

txtta logical principle not hasnl on , ntjncji>ff <» ncri’o} I 

intcrprctnl as a s^Mcm of po««« •'* I jj [ iradinj 
hie to express the hope that ^ 

al«3tc toenlioncil presentation, '•iH ** 
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has to cast his net. Every inductive prediction is like cast- 
ing a net into the ocean of the happenings of nature; we 
do not know whether we shall have a good catch, but we 
try, at least, and try by the help of the best means avail- 
able. 

We try because we want to act — and he tvho wants to 
act cannot wait until the future has become observational 
knowledge. To control the future — to shape future hap- 
penings according to a plan — presupposes predictive 
knowledge of what will happen if certain conditions are 
realized, and if we do not know the truth about what will 
happen, we shall employ our best posits in the place of 
truth. Posits are the instruments of action where truth is 
not available; the justification of induction is that it is 
the best instrument of action known to us. 

This justification of induction is very simple; it shows 
that induction is the best means to attain a certain aim. 
The aim is predicting the future — to formulate it as 
finding the limit of a frequency is but another version of 
the same aim. This formulation has the same meaning 
because predictive knowledge is probable knowledge and 
probability is the limit of a frequency. The probability 
theory of knowledge allows us to construct a justification 
of induction; it supplies a proof that induction is the 
best way of finding that kind of knowledge which is the 
only sort attainable. All knowledge is probable knowl- 
edge and can be asserted only in the sense of posits; and 
induction is the instrument of finding the best posits.* 

• In his book Human Knowledge (New York, 194B) Professor Bertrand 
Russell has criticized my theory of probability and induction I have 
always admired Professor Russell s cntical judgment, but m this case 
I can regard his objections only as the result of misunderstandings For 
instance, he does not see (pp 413-414) that m my theory good grounds 
are given to treat a posit as true, and that my rule of induction cannot be 
shoi\ n to be invalid by constructing mstances ivhere the inductive conclu- 
sion IS false The answers to his objections are all given in my book The 
Theory of Probabtltty (Berkeley, 1949), although this book does not ex- 
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beforehand whether they will come true. He i* 

gambler, though, titan the man at t e 

cause his statistical methods are superior. |P 

staked higher-the goal of foretelling the ™ "S ^ 

the cosmos. If he is asked why 

with what title he makes his predictions, he 

swer that he has an irrefutable ,ey 

he can only lay his best bets. B^^he can p o e that^Mjr 

are best bets, that making them is t le 

and if a man does his best, what else can you ask 
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corporate a synthetic principle in an analytic logic and 
to satisEy the condition that what he asserts on the basis 
o£ his logic is analytic truth only. He can do so because 
the conclusion of the inductive inference is not asserted 
by him, but only posited; what he asserts is that positing 
the conclusion is a means to his end. The empiricist prin- 
ciple that reason cannot make otlier than analytic con- 
tributions to knowledge, that there is no synthetic self- 
evidence, is thus fully carried through. 

The quandaries of empiricism, formulated in David 
Hume’s skepticism, were the product of a misinterpreta- 
tion. of knowledge and vanish, for a correct interpretation 
— such IS the outcome of a philosophy grown from the 
soil of modern science. The rationalist had not only pre- 
sented the world with a series of untenable systems of 
speculative philosophy; he had also poisoned the em- 
piricist interpretation of knowledge by inducing the 
empiricist to strive for unattainable aims. The concep- 
tion of knowledge as a system of statements that are 
demonstrable as true had to be overcome by the evolu- 
tion of science, before a solution of the problem of 
predictive knowledge could be found. The search for 
certainty had to die down within the most precise of all 
sciences of nature, within mathematical physics, before 
the philosopher could account for scientific method. 

The picture of scientific method drafted by modern 
philosophy is very different from traditional concep- 
tions. Gone is the ideal of a universe whose course follows 
strict rules, a predetermined cosmos that unwinds itself 
like an unwinding clock. Gone is the ideal of the scientist 
who knows the absolute truth. The happenings of nature 
are like rolling dice rather than like revolving stars; they 
are controlled by probability laws, not by causality, and 
the scientist resembles a gambler more than a prophet. 
He can tell you only his best posits — he never knows 
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Interlude: Hamlet’s 
Soliloquy 


^ n BE, OR NOT TO BE — that IS not a question but 
I ^ a tautology. I am not interested m empty 
I statements. I want to know the truth of a syn- 

■R thetic statement: I want to know whetlier I 
shall be. Which means whether I shall have the courage 
to avenge my father. 

Why do I need courage? It is true, my mother's hus- 
band, the king, is a powerful man and I shall risk my life. 
But if I can make it plain to everybody that he murdered 
my father, everbody will be on my side. If I can make it 
plain to everybody. It is so plain to me. 

Why IS It plain? I have good evidence. The ghost was 
very conclusive in his arguments. But he is only a ghost. 
Does he exist? I could not very well ask him. Maybe I 
dreamed him. But there is other evidence. That man had 
a motive to kill my father. What a chance to become king 
of Denmark! And the hurry with which my mother mar- 
ried him. My father had always been a healthy man. It’s a 
good piece of indirect evidence. 

But that’s It: nothing but indirect evidence. Am I al- 
lowed to believe what is only probable? Here is the point 
where I lack the courage. It is not that I am afraid of the 
present king. I am afraid of doing something on the basis 
of a mere probability. The logician tells me that a proba- 
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The Functional Conception 
of Knowledge 


I N THE preceding chapters, a number of results of 
scientific philosophy have been presented; in ad- 
dition, the two ma j or t ool s of knowledge, dedji c- 
tive and^inductive.logic, have been reviewed in 
their methods and results. I should like to give in this 
chapter a summary of the most general parts of scientific 
philosophy, in which a new conception of knowledge has 
been developed and the problem of physical reality has 
been given a scientific solution. To make the nature of 
this conception clear I will compare it with the concep- 
tion of knowledge which is more or less openly adhered 
to in the traditional philosophical systems. 

Speculative philosophy is characterized by a t ranscen- 
dental con ception,of _knowledge, according to which 
knowledge transcends the observable things and depends 
upon the use of other sources than sense perception. Sci- 
entific philosophy has constructed a junctional concep - 
tion of knowledge, which regards knowledge as an in- 
strument of prediction and for which sense observation 
IS the only admissible criterion of nonempty truth. I 
should like to explain both views more fully in order to 
confront the one with the other. 

The transcendental conception of knowledge has 
found its classical symbolization in Plato’s parable of the 
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dichotomy into the earthly life here and the heavenly 
life to come. 

To those who cannot give up tliis dichotomy, scientific 
philosophy has not much to say. Rationalism is an emo- 
tional bias toward a world of imagination, a discontent 
with physical reality that springs from other than logical 
motives and must be cured by other than logical means. 
The logician of today can show that the aim of rational- 
ism is unattainable, that knowledge derived from reason 
alone is empty, that reason cannot tell us the laws of the 
world. But to abandon the desire for the unattainable 
requires a revision of emotional weights. The symbol of 
the rationalist idealist is not the man tvho discovers the 
unobservable causes of observable phenomena — for that 
is what the scientist does, who, if he tv'ere chained in 
Plato’s cave, would soon find out through the method of 
indirect evidence that the shadows observed have outside 
causes.* To go beyond the observables by means of sci* 
entific inference is the legitimate method of the empiri- 
cist. The symbol of the idealist is the man who resorts to 
daydreaming because he is unable to enjoy reality in all 
Its moral and aesthetic imperfections. Idealism is the 
philosophical brand of escapism; it has always flourished 
in times of social catastrophies which have shaken the 
foundations of human society. Difficult as it is to over- 
come the narcotic wish-fulfillment of dreams, there are 
ways to get away from the rationalistic belief in things- 
in themselves, disporting, unobserved, behind the facade 
of appearance. Such an emotional readjustment can 
sometimes be achieved by the study of positive sciences, 
by the experience of the emotional satisfaction originat- 

• A study of methods of this type, by means of which Plato’s cavemen 
could have inferred the existence of the external world, is presented in 
ray book Experience and PredtcUon (Chicago, 1938), § 14 Reference is 
made to this book for a more elaborate exposition of a modern theory of 
knowledge 
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ability theory of meaning is an indispensable part of a 
scientific philosophy. 

Instead of saying "the sentence has a meaning it 
would be preferable to say "the sentence is meaningful ; 
this version sho^vs more clearly that meaning is a prop- 
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that it follows a stricter system of rules and exhibits more 
precisely the cognitive content of language. 

What is this cognitive content? It is not something that 
is added to the sign system; it is a property of the sign 
system. Signs are physical things, such as ink mounds on 
paper, or sound waves, which are used in a correspond- 
ence relation to other physical things; the correspond- 
ence, -which does not rest upon any similarity, is based on 
a convention. For instance, the word “house’' corre- 
sponds to a house, the word “red” to the property of 
redness. Signs are combined in such a way that certain 
sign combinations, called sentences, correspond to states 
of affairs of the physical world. Such sign combinations 
are said to be true. For instance, when the sentence "the 
house is red” corresponds to an actual state of affairs, it is 
called true. Certain other sign combinations, which by 
the addition of the sign "not” can be transformed into 
true sentences, are called false. A sign combination 
which can either be shown to be true or be shown to be 
false is called meaningful. This concept is important be- 
cause we are often concerned with sign combinations 
whose truth or falsity cannot be determined at present, 
but can be determined at some later time. Any unverified 
statement, like “it will rain tomorrow”, is of this type. 

The reference to verifiability is a necessary constituent 
of the theory of meaning. A sentence the truth of which 
cannot be determined from possible observations is 
meaningless. Although rationalists have believed that 
there are meanings in themselves, empiricists at all times 
have insisted that meaning hinges on verifiability. Mod- 
ern science is a documentation of this view. In the fore- 
going analysis of space, time, causality, and quantum 
mechanics, the dependence of meaning on verifiability 
was obvious; without an adherence to this view modern 
physics would remain incomprehensible. The verifi- 
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tion tor the sign user. It it serves this purpose, it is called 
knowledge. 

The objection has been raised that meaning is of a 
subjective nature; that nobody can tell a man what he 
means; and that everyone should be allowed to use his 
■\vords in meanings which appear suitable to him. Accord- 
ing to this objection, it is an unjustifiable imposition 
upon the use of language if the scientific philosopher 
insists that unverifiable sentences should be ruled out, or 
that verification should always be based on sense observa- 
tion in combination with inductive or deductive in- 
ferences. This objection, however, misunderstands the 
logical nature of the verifiability theory of meaning. 
This theory is not intended to be a sort of moral com- 
mand. The scientific philosopher is tolerant; he allows 
everyone to mean what he wants. But he tells him; if you 
use unverifiable meanings, your words cannot account for 
your actions. What you do is always oriented toward the 
future; and statements about the future can be trans- 
lated into possible experiences only inasmuch as they are 
verifiable. The empiricist theory of meaning does not 
supply a description of a person’s subjective meanings. 
It is a rule proposed for the form of language and advis- 
able for good reasons: it defines the kind of meaning 
which, if assumed for a person’s words, makes his words 
compatible with his actions. This latter property is ail 
that can be reasonably required of a theory of meaning. 
Those who accept the verifiability criterion of meaning 
speak a language consistent with their behavior; for 
them, language performs a function indispensable for the 
pursuit of activities, and is not an empty system unrelated 
to the ivorld of experience. 

The functional conception deprives knowledge of all 
the mysteries that two thousand years of rationalism have 
carried into it. It makes the nature of knowledge very 
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world is real, arises from a familiar psychological experi- 
ence; the distinction between dreaming and waking. 
This distinction, of course, is meaningful; but it is neces- 
sary to state more explicitly its meaning and its origin in 
order to overcome the many false conclusions which phi- 
losophers have draivn from it. 

Imagine a man who is not aware of the difference be- 
tween dreaming and waking and who writes down re- 
ports of everything he observes. He would write down 
sentences like "there is a dog", “Peter came to see me", 
"the car did not start", “Marion stood in the tomato 
soup", and so on. The last report, obviously, refers to 
what we call “dream"; but in the diary of this man there 
would be no explicit indication of dreaming. There 
could be no such indication because dream phenomena, 
while being experienced, do not differ in quality from 
actual observations; in other words, while dreaming no- 
body knows that he dreams. A perfect diary of this kind, 
which collects reports of all our observations, but does so 
without criticism and abstains from inferences going be- 
yond what is actually experienced, may be regarded as 
the logical basis of human knowledge. To study the 
build-up of knowledge, the philosopher has to consider 
the inferences which lead from this basis to statements 
about physical objects, dreams, and all kinds of scientific 
construction, such as electricity or galaxies or a guilt 
complex. Let us therefore imagine a man who tries to 
construct a system of knowledge from the report sen- 
tences which he finds in his perfect diary. 

He would try to construct an order into these sentences 
by arranging them in groups and formulating general 
laws holding for them. For instance, he would discover 
the law: whenever there is a sentence reporting that the 
sun shines, there is a later sentence that it gets warmer, 
which result he then formulates as a relation between 
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one, called “my body”, which is causally affected by other 
physical things and thus put into a certain physiological 
state. Whenever there is an objective thing reported in 
the diary, my body is in a certain state; but it may even 
be in tliat state when there is no objective thing. In such 
a case we speak of a subjective thing. Thus subjective 
things, though having no reality, indicate real things of 
another kind; they indicate states of my body. 

The last statement looks like a logical fallacy: if some- 
thing nonexistent indicates something existent, it must 
also exist. In order to overcome this paradox, we must be 
more careful in the wording of our inferences. This is 
achieved by going back to the sentences of the diary. We 
found that not all of these sentences are objectively true. 
What we find now is that if a report sentence is not ob- 
jectively true, we may infer, not that there is a corre- 
sponding physical object, but that there is a state of our 
body such as would also occur if there were a correspond- 
ing object. By speaking of sentences we avoid terms like 
“subjective kings’’. Conversely, since this translation 
into a language that speaks about sentences is possible, it 
is also permissible to use such terms. We may therefore 
say that subjective things have a subjective existence, 
thus using a fictitious existence. Such expressions are 
permissible for the very reason that they can be elimi- 
nated. 

The division of the world of experience into objective 
and subjective things is thus achieved by means of valid 
interences and expressed in a legitimate mode of speech. 
Assuming that all report sentences are objectively true, 
we find that some are not; this is a valid inference of a 
type which the logician calls reductio ad ahsurdum. 
This means; The assumption that all report sentences 
are objectively true is “reduced to an absurdity”. In order 
to incorporate those report sentences which are not ob- 
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ables in their interrelationship. The illata are not com- 
binations of concreta, but separate entities inferred from 
concreta, whose existence is merely made probable by 
the concreta. 

The internal states of the human body are illata, be- 
cause we can observe only the reactions of the body, but 
not its internal conditions, including the different states 
of the brain. To characterize these states we use an in- 
direct mode of speech; we say, for instance, “the state 
which would occur if the person saw a dog”. This mode 
of speech has been called stimulus language. We charac- 
terize a bodily state by describing the kind of stimulus 
which would produce this state. 

This sort of language may be illustrated by a physical 
example. The speedometer measures the speed of a car 
by the deviation of a needle. For this purpose, the revolv- 
ing wheels of the car are connected through gears and a 
flexible shaft with the needle in such a way that greater 
speed corresponds to greater angular deviation of the 
needle. For every position of the needle, the correspond- 
ing speed IS written on the dial. What Uie needle indi- 
cates directly is an internal state of the speedometer; but 
indirectly it thus indicates a speed, which acting as a 
“stimulus” puts the instrument into this state. Instead 
of using the figures on the dial as a measure of the speed 
of the car, we could also use them to indicate the internal 
states of the speedometer. Assume that someone takes 
the instrument out of the car and moves its shaft; then 
the speedometer is in a certain internal state. Looking at 
the figures on the dial, we may say "the speedometer is 
in the state sixty miles per hour”. We thus characterize 
the state of the instrument indirectly in stimulus lan- 
guage. 

This illustration will help to clarify the nature of sub- 
jective things. The things seen in a dream have the kind 
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remaining 470 sentences reasonably. You now say: "I 
am awake”. Then the diary is continued, and you find 
an additional 1,000 sentences which cannot be put to- 
gether with the 470 previous sentences, but can be or- 
dered reasonably among themselves. You will conclude 
that the 470 sentences were an island, that is, that you 
were dreaming; only now you are really awake. Are you 
now sure it will not go on like that? What i£ another 
2,000 sentences were to turn up which compel you to 
regard your present status as a dream? And what if the 
same devastating experience would always repeat itself? 

Let us be happy that sucli experiences do not occur. 
But we cannot exclude them through logical argument. 
Therefore, we cannot say that such experiences are im- 
possible. If they did occur, if the thread of ordered ex- 
periences would break, and though spun anew, would 
always break again, we could not speak of an objective 
physical reality. Thus the statement that there is an ob- 
jective physical world can only be maintained as highly 
probable, and not as absolutely certain. We have good 
inductive evidence for the existence of a physical world 
— ^but that is all we can maintain. And it is meaningful 
to speak about an objective physical world because state- 
ments about such a world are inductively derivable from 
observations. 

Note that the language in which we speak about the 
physical ivorld is not uniquely determined by observa- 
tions. It is subject to the ambiguities discussed in Chap- 
ter 1 1 with reference to an imaginary Protagoras. There 
is a plurality of equivalent descriptions, and the usual 
realistic language in which we describe the physical 
world is merely one among these descriptions; it is the 
one which I have called the normal system. Inductive in- 
ferences can establish the usual form of statements about 
an external world only after the rule of identical laws 
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ences prove is that we have experiences, and not that 
there is a physical world. 

I do not think the situation is that hopeless. The solip- 
sist makes a fundamental mistake: he believes he can 
prove the existence of his own personality. But the dis- 
covery of the ego, of tlie personaffty of the observer, is 
based on inferences of the same kind as the discovery of 
the external world. The islands of the diary are inter- 
preted as bodily states of the observer in the same way 
that the remaining sentences are regarded as evidence 
for a physical world; in fact, the islands are thus incor- 
porated into an all-embracing physical interpretation, 
since the observer is a part of the physical world. It was 
said above that through the hypothesis of the observer 
and his bodily states, the sentence islands lose their is- 
land character and are made descriptive of the physical 
world, in that they are regarded as describing the ob- 
server. Thus if we can prove the existence of the ego, we 
can also prove the existence of the physical world, in- 
cluding the existence of other persons. The solipsist 
overlooks this parallelism of inferences. He introduces 
the ego and its experiences as absolute knowledge and 
then has trouble in deriving the external world — but his 
troubles stem from poor logic. 

The correct analysis of the situation was given above: 
we have no absolutely conclusive evidence that there is 
a physical world and we have no absolutely conclusive 
evidence either that we exist. But we have good induc- 
tive evidence for both assumptions. Using the results of 
the analysis of inductive inference, we can say: we have 
good reasons to posit the existence of the external world 
as well as that of our personalities All our knowledge is 
posits; so, our most general knowledge, that of the ex- 
istence of the physical world and of us human beings 
within It, is a posit. 
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tation o£ quantum mechanics. The indeterminacy of 
unobservables exists only for the transition from macro- 
world to micro-world; but no such indeterminacy occurs 
when the transition from observed objects of our en- 
vironment to unobserved macro-objects is considered. 
For this latter transition, there exists a normal system, 
which allows us to speak of an external world in the 
usual realistic language. The quantum-mechanical in- 
determinacy has nothing to do with the relationship be- 
tween human observer and his environment. It begins 
to play a part only on a later step, when the world of 
smallest objects is to be inferred from that of larger ob- 
jects. 

This fact is made quite clear when we assume all in- 
struments of observation to be constructed as registering 
instruments, which present the results of measurements 
in the form of numbers printed on a strip of paper. When 
the observer looks at the paper strips, he certainly does 
not disturb them, because this observation is a macro- 
scopic affair. So he can infer in the usual way that there 
are certain measuring processes going on. The indeter- 
minacy enters his computations only when he proceeds 
to infer from the working of the instruments that certain 
minute occurrences are happening, which he can inter- 
pret either as particles or as waves. This very simple 
consideration rules out all idealistic interpretations of 
quantum physics. It shows that empiricism has nothing to 
fear from the discoveries of the physicist and that modern 
relapses into philosophic idealism find no support in 
modern physics — if only the analysis of physics is freed 
from vague language and carried out with the precision 
of modern logic. 

After discussing the inferences that lead to the con- 
struction of the ego from the basis of immediate reports, 
it Will be useful to discuss in some detail how the concept 
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organization. It follows that mind and bodily organiza- 
tion of a certain kind are the same thing. 

We may also say that the word “mind” is an abbrevia- 
tion denoting a bodily state that shows certain kinds of 
reactions. To believe that the mind is more than that, 
reminds one of the man who had a 130 h-p car and was 
deeply disappointed when he took the engine apart and 
did not find the 130 h-p. The belief in the independent 
existence of a mind is a fallacy evolving from the mis- 
understanding of abstract terms. An abstract term is 
translatable into very many concrete terms, and the ob- 
ject denoted by it is nothing but the aggregate of all the' 
concrete objects involved. The question of the existence 
of the mind is a matter of the correct use of words but not 
a question of facts. 

The conception of an independent existence of the 
mind is the backbone of transcendentalism; it regards 
mental phenomena as instances of a nonphysical exist- 
ence, and it is an easy step from this interpretation to the 
belief in a higher reality, of which visible objects are 
mere shadows. But the mind-body problem is a philo- 
sophical issue only because its usual formulation suffers 
from linguistic difficulties, which have led the philos- 
opher into a logical mess. The language in which we de- 
scribe mental and emotional phenomena is a language 
which was not made for this purpose and serves it only 
by the use of rather involved logical constructions. The 
language of everyday life — ^and that is the language we 
use for psychological descriptions — has grown from a 
reference to concrete objects around us and admits only 
of an indirect description of psychological phenomena. 
It is a stimulus language, in the sense explained above. 
We say we have the picture of a tree in our mind; but 
both the words “picture” and “tree”, in their original 
meanings, refer to concrete objects and lend themselves 
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and opens an account. He now owns 2,000 dollars in the 
form of a bank account. Where are these 2,000 dollars? 
They do not consist in bills. The original bills have 
meanwhile traveled through many hands, and most of 
them, perhaps, are no longer in possession of the bank. 
As their causal product, there are figures tvritten dotvn 
in the files of the bank in combination witli the man’s 
name; but figures on paper are not dollars, and they be- 
long not to the man but to the bank, which owns the 
stationery. So where are the 2,000 dollars that the man 
owns? They are “intangible things of another sphere of 
reality”, and yet they seem to be the product of the orig- 
inal dollar bills, which were concrete things. How can 
something impalpable be causally produced by some- 
thing palpable? In tliis case, everyone sees that the ques- 
tion is nonsensical and results from a confusion of modes 
of speech. There exists a state of affairs consisting in fig- 
ures written down in bank files and causally produced 
by the passing of dollar bills from the man’s hands into 
the hands of a cashier. This state of affairs is characterized 
indirectly by the statement “the man owns 2,000 dollars". 
These abstract 2,000 dollars owe their existence merely 
to a mode of speech. In the case of sense perceptions, 
however, many a philosopher has asked questions of this 
kind and advanced the thesis that there are insoluble 
problems, transcending the comprehension of the hu- 
man mind. Philosophical worries of this kind can be al- 
layed only by a lesson in logic. 

The functional conception of knowledge need not be 
abandoned when knowledge of psychological phenom- 
ena IS concerned. That a bodily system can talk about 
itself is no stranger than that a photographic camera can 
photograph itself by means of a mirror. The poor state of 
traditional logic is the chief cause of the extraordinary 
confusion with which these problems have been treated 

274 



lY- NATURE OF ETHICS 

is a Dart oE sociolosy, but it is not o£ a normative nature. 

empty and could not tell us what to 

sJcl a we define a virtuous man as a man who alway 

chooses the maxim of his actions “ ^i““Ve 

could be made the principle o£ a 

would know what we mean by tlie . 

but we could not prove that we “.^Vsn de^^ 

ous men. The e”^<:::"«:;°"^eTnSnd"ed Kantian 
is merely an abbreviation for the lon„ 
formulallon about the m»im of -tions. _“"J “ 
replaced by any other nam , Kantians? If 

-Kantian”; but why ^Itic he7are nm moral direc- 
ethical statements are analytic, tney 

“'riie modern analysis notincluT'any 

ethics impossible: knowing . jg jn 

normative parts and therefore jjjyg parallelism 

interpretation of ethics. The e 1 rould be carried 

, renders ethics a bad service. i , • „] ^uies would 
through, if virtue were knowle g ’ , The tn’o- 

be deprived of tlieir on a cognitive 

thousand-year-old plan to jjng of knowledge, 

basis results from a "'■*'*'?'^^”“"tnowledge contains 

from the erroneous conceptio „isinterpretation of 

a normative part. It is ",.is en^or. We saw 

matliematics tliat is respons „ ^ matliematics 

that from die time of Plato to d • control 

was conceived as a system o synthetic a priori there 
the physical world: ’ nception that reason an 

was only a short step ...hich have an ohjcctivc 

dictate to us moral ,t,»iaxvs of mathematics. 

\’aUdity, such as svas assumed for 

Ifitturnsoutthatmailiciiiaiia 1 merely 

does not supply laws of thc_phis>al 



17 . 

The Nature of Ethics 

T he exposition o£ the second part of this book 
has so far been concerned with questions of 
knowledge; it was shown, in particular, how 
the synthetic a priori was eliminated in the 
cognitive field. The present cliapter will be concerned 
with a similar analysis of the field of ethics. The idea of 
a synthetic a priori has been applied not only to knowl* 
edge but also to ethics; in fact, the program of an ethico- 
cognitive parallelism is one of the sources from which 
the idea of a synthetic a priori sprang. A historical study 
of the fallacious line of thought deriving from this paral- 
lelism was given in Chapter 4. It is the problem of the 
present chapter to replace the cognitive and aprioristic 
conception of ethics by a conception compatible with the 
results of scientific philosophy. 

One conclusion can be immediately drawn from the 
analysis of modem science. If ethics were a form of 
knowledge it would not be what moral philosophers 
want It to be; that is, it would not supply moral direc- 
tives. Knowledge divides into synthetic and analytic 
statements, the synthetic statements inform us about 
matters of fact, the analytic statements are empty. What 
kind of knowledge should ethics be? If it were synthetic, 
It would inform us about matters of fact. Of this kind is a 
descriptive ethics which informs us about the ethical 
habits of various peoples and social classes; such an ethics 
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formulates empty relations that hold for all possible 
worlds, there is no longer any space left for a cognitive 
ethics. Knowledge cannot provide tlie form of ethics be- 
cause it cannot provide directives. 

I explained above (cliap. 4) that the source of the cog- 
nitive interpretation of clitics is presumably to be found 
in the use of logic and knowledge for tlic derivation of 
ethical implications. If you tvant this aim you must also 
trant this and that — implications of this kind are acces- 
sible to cognitive proof. By cognitive proof I mean a 
proof emplojing the laws of logic in combination tvith 
the laws of physics, or sociology, or other sciences. Thus 
if you wish to reap you have to sow; this implication is 
proted tvith the help of tlie laws of botany. A great many 
ethical controversies are concerned with such implica- 
tions; that may be the reason for tlie erroneous concep- 
tion that all ethical considerations are of the cognitive 
type. It seems as though during an ethical disaission we 
sharpen and deepen our ethical insight, in the same ts’ay 
that, in the opinion of Plato and Kant, we sharpen and 
deepen our insight into the nature of space through geo- 
metrical anal^'sis. But tlie development of geometry has 
shoim us that the latter conception is mistaken, that there 
is no insight into the nature of space, that different forms 
of space are possible and that a geometrical demonstra- 
tion merely derives if-then statements, or relations 
between axioms and theorems. There is no geometrical 
necessity, only a logical necessity concerning the con- 
sequences that follow from a given set of axioms; the 
mathematiaan cannot prove the axioms to be true. 

Had Spinoza foreseen this result of the modem philos- 
ophy of mathematics, he rvould not have attempted to 
construct his ethics after the pattern of geometry. He 
would have been horrified at the idea that non-Spinozis- 
tic ethics could be constmcted which would possess the 
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them axioms, we think of ethics as an ordered system 
which is derivable from these axioms, whereas the ax- 
ioms themselves are not derivable in the system. When 
we restrict the consideration to a specific argument, we 
use the more modest term “premise”. There must be at 
least one moral premise for an ethical argument, that is, 
one ethical rule which is not derived by this argument. 
This premise may be the conclusion of another argu- 
ment; but going farther up this way, we remain at every 
step with a certain set of moral premises. If we succeed 
in ordering the totality of ethical rules in one consistent 
system, we thus arrive at the axioms of our ethics. This 
analysis can be summed up in the thesis: logical neces- 
sity controls merely the implications between moral ax- 
ioms and secondary moral rules; but it cannot validate 
the moral axioms. 

But if the axioms of ethics are not necessary or self- 
evident truths — what then are they? 

The ethical axioms are not necessary truths because 
they are not truths of any kind. Truth is a predicate of 
statements; but the linguistic expressions of ethics are 
not statements. They are directives. A directive cannot 
be classified as true or false; these predicates do not apply 
because directive sentences are of a logical nature differ- 
ent from that of indicative sentences, or statements. 

An important kind of directive is given by imperatives, 
which we use for the direction of persons other than our- 
selves. Consider the command “shut the door”. Is this 
imperative true or false? We need only pronounce the 
question in order to see that it is nonsensical. The ut- 
terance “shut the door” does not inform us about matters 
of fact; nor does it represent a tautology, that is, a state- 
ment of logic. We could not say what would be the case if 
the utterance “shut the door” were true. An imperative 
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verified like other psychological statements. Sometimes 
the correlated statement is used in place o£ the command. 
For the purpose o£ logical analysis it is convenient al- 
ways to express imperatives in the imperative mood and 
thus to distinguish them grammatically from statements. 

Although imperatives are neither true nor false, they 
are understood by other persons and therefore have a 
meaning, which may be called an instrumental meaning. 
It is to be distinguished from the cognitive meaning o£ 
statements, defined in the verifiability theory of mean- 
ing (chap. i6). Moreover, every imperative possesses a 
cognitive correlate, given by the correlated statement. 

Like imperatives, directives concerning our own ac- 
tions are expressions of volition, which as such are not 
true or false and therefore belong among volitional ut- 
terances Acts of volition may concern various objects; 
we want food, shelter, friends, pleasure, and so forth. 
That we find in ourselves acts of volition, is a matter of 
fact; they are distinguished from perceptions or logical 
laws in that they appear as products of our own in a 
situation leaving us choice. I may go to the theater or I 
may not; it is my will to go. I may help another man or 1 
may not; it is my will to help him. Whether it is true that 
we have a freedom of choice is a different question; for 
the definition of an act of volition it is sufficient that we 
at least believe that we have the possibility of choice. For 
this definition it is therefore irrelevant where volitions 
come from, and do not ask. at the moment, whether 
we are conditioned to our volitions by the milieu in 
which U’e grow up, or whether our volitions flow from 
certain fundamental urges, like the sexual urge or the 
urge for self preservation. Let us simply acknowledge the 
psychological fact that we make volitional decisions 
which direct our behavior. 

Only if the volitional decision concerns actions to be 
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we were talking to a different person, applying the im 
perative mood, thus we say to ourselves, Old fellow, do 
write that letter By means of this rather schizoid 
method it is possible to transfer to ourselves the notation 
applying to the receiving side of an imperative, and to 
speak of secondary acts of volition raised in ourselves 
through an imperative which we give to ourselves 
These considerations will clarify the difference be 
tween cognitive sentences and directives If I am given 
a cognitive sentence or statement and I agree with it, I 
say yes , meaning that I regard the statement as true For 
instance if you tell me that it is a long way to Tipperary, 
I say yes , meaning I too, re^rd it as true that it is a 
long way to Tipperary If you tell me, however, that 
stinginess is bad I express my agreement by saying that 
IS right What you mean is a directive and thus an ex 
pression of your will namely, you say I wish that there 
were no stinginess My answer is a corresponding direc 
live It means I too wish that there were no stinginess 
The positive answer to a directive is not an affirmation 
of the cognitive kind, it consists in a secondary act of 
volition expressed in an utterance indicating that the 
listener shares the ivill of the speaker 

The considerations so far given refer to directives of 
all kinds Let us now study those directives which are 
called moral directives, or moral imperatives 

It is a characteristic mark of a moral directive that we 
regard it as an imperative and feel ourselves to be on the 
receiving side of it We thus regard our act of volition as 
a secondary one as a response to an imperative given by 
some higher authority What the higher authority is is 
not always clearly known Some persons claim it is God 
others contend it is their conscience or their daemon or 
the moral law %vithin them These are obviously, inter 
pretations in picture language Psychologically speaking 
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class; within their class they do not steal or kill, but they 
oppose their class to the larger class of what we call a civi- 
lized society and disregard all moral obligations with re- 
spect to this wider class. Students of a high-school class 
may regard their class as a group opposed to the teacher 
and find it their moral right to deceive and harass him. 
Conversely, there are teachers who are highly esteemed 
by the students and are seldom deceived; such a teacher 
has succeeded in making the students incorporate him 
into their group. The working class has an ethics of its 
own; so has the class of big capitalists, or the aristocracy 
of countries that have not yet eliminated the remnants of 
feudalism. Even the Nazi ethics was a group ethics, tai- 
lored to the needs of the so called master race. The com- 
pletely individualistic ethics of Nietzsche’s superman or 
of Machiavelh’s prince is an extreme case in which all 
moral rights are reserved for one man. Such ethical sys- 
tems have never been carried through except on paper. 
They represent a strange mixture in which the authority 
psychologically derived from group will is transferred 
to one man, who is regarded as the only individual whose 
will IS to be respected. 

The ethics of our social and political life is a conglom- 
eration of group ethics of various strata. Nations have 
grown through iusion of states and merging of social 
groups, they have taken over the ethical rules of older 
times, especially through the codified law, which perpet- 
uates the moral systems of the Romans, of feudalism, and 
of the Church No wonder that the result is no consistent 
system. The obedient citizen who attempts to satisfy all 
moral rules of a nationwide society soon finds himself 
confronted by ethical conflicts. Should he support the 
needy or attempt to get hold of their pennies by the 
methods of good business? Should he work for the wel- 
fare of the nation by contributing to die suppression of 
286 
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can be regarded as the grammatical form of a moral di- 
rective. (For our purposes, the phrase may be regarded 
as synonymous with "he shall” and with "he ought to”.) 
We saw that the phrase cannot mean there is an objective 
moral lair from which the imperative is derivable. What, 
then, does it mean? There remain two different possible 
meanings of the phrase. 

The first is an implicational meaning: we know that 
the person referred to has adopted a certain aim, and 
we wish to say that this aim implies the action under 
consideration. For instance, we say "Peter should not 
smoke", meaning that from the aim of being healthy it 
is derivable, because of Peter’s physiological constitution 
and by the use of the laws of physiology, that he should 
not smoke. In other words, the decision not to smoke is 
entailed by the decision to live in good health; it there- 
fore is called an entailed decision. The obligation of the 
entailed decision is of the implicational type and repre- 
sents not a moral, but a logical obligation. 

The second is the meaning of a subjective imperative 
on the part of the speaker: I, the speaker, wish that he do 
this or that. According to this interpretation, moral di- 
rectives include an indispensable reference to the 
speaker; they are expressions of a volitional decision by 
the speaker. If this conception is assumed, it is impossible 
to eliminate the speaker from the meaning of a moral 
directive; the phrase "he should" includes, in a hidden 
form, the phrase "I will", and we thus arrive at a voli- 
tional ethics. 

The logical nature of this conception can be analyzed 
as follows. The use of such expressions as “he should not 
lie”, or "lying is morally bad", represents a pseudo- 
objective mode of speech; what is expressed is actually 
an attitude of the speaker. The phrase "he should" is 
comparable to terms such as "I” and “now", which refer 
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is asserted which refers to a premise advanced with the 
token-reflexive “should”. This double meaning must be 
clearly recognized. The implicational “should” then as- 
sumes a moral connotation; but it does so only because 
the directive assumed as the premise of the person re- 
ferred to is a moral imperative supported by the speaker. 
Thus we say “the President should open this country to 
displaced persons”, meaning that from the aim of help- 
ing the displaced persons, which we know the President 
adheres to and which we support, it is derivable that im- 
migration to this country is the only available means of 
reaching this aim. A moral connotation of “should” in 
the implicational meaning is therefore reducible to the 
use of “should” in the volitional meaning. If the direc- 
tive is not shared by the speaker, the “he should” loses its 
moral character. Thus we say “instead of conquering 
Paris, Hitler should have invaded England”. We mean 
that it trauld have been in the interest of Hitler to in- 
vade England, and thus mean an implicational obliga- 
tion; but since we do not share Hitler’s aims, the word 
“should” is not used as a moral imperative. This illustra- 
tion makes it clear that the reference to the speaker is 
inseparable from the moral meaning of the phrase “he 
should”. The recognition that the phrase “he should” in 
its moral meaning is a token-reflexive term is the indis- 
pensable basis of a scientific analysis of ethics. 

With the intention of escaping the subjective refer- 
ence of ethical terms, a third interpretation of the phrase 
“he should” is sometimes attempted. According to this 
interpretation, the phrase means as much as “the group 
wishes that he do this or that”. This meaning seems to 
eliminate the subjectivity from moral obligations. How- 
ever, this interpretation is not tenable. When group will 
is concerned, we use the phrase "he should” only if its 
meaning is reducible to one of the first two interpreta- 
200 



17. NATURE OF ETHICS 

ities o£ any person. That is a cognitive 

not what you mean by your conclusion. To make my 

point clear, let us insert the 

clause into the total statement. The 

directive is a matter o£ a volitional decision the le^l 

authorities will not restrict °J“",\srto 

son” is o£ questionable truth and is not what y 

say. Second, the clause “everybody has a ri h 

that no one’s activities should be restricted- The word 

“should” indicates an imperauve; 

vious analysis, it can have two meanings. 

o£ an imperative given by tlie w'hjrh 

sentence then means:’ If a mom u ^ restrictions 

a volitional decision, I insist tl ,vhat you ivant 

upon the activities of any person . ‘ . i„it merely 

to say, you do not establish a logica .irrive 

pronounce a volition of your own a .. is that 

at an inference. The ^^“"^““"'X vabie imperative 
of a logical implication lea^ng to ^ 

for the person referred to. So wlia y ’ jj ^ matter 
adheres to the principle lat he adlicrcs to the 

of a volitional decision, it folio . „non llic activi* 
imperative that there be no rcsiric 1 P , j jo not 
tieLf any person”. But is tl>=>” 7 'deiiJed To^cally. be- 
scc how such a conclusion can certain 

cause it is perfectly to be restricted in those 

aims and also want other persons to 

activities which would oppose i les ’ ’.jij,, dilTerently. 

Let me state the l.rst argtnn committed to the 

You wish to show that I “pi i,c restrictetl in Ids 

entailed decision: “No persoi 1 1. i,,,nctattse. it must 

actis ities”. If this is .0 be a dcrnwble mpem^^^ ^ 
be derived from other "TP'”}*' rdy m.ide the cogm- 
not uttered any >'"P‘'7‘‘'^;„,ivc5 are matteis of sob- 
ii\c siatcmcni that moml ciircc 

293 



SCIENTinc PHILOSOPHY 

our own feet and trust our volitions, not because they are 
secondary ones, but because they arc our own volitions. 
Only a distorted morality can argue that our will is bad 
it it is not the response to a command from another 
source. 

You answer: "If moral directives are volitional deci- 
sions, it appears justified that everyone set up his own 
moral directives. But how can someone demand that 
others follow his directives? You appeal to us to trust our 
own volitions and not to feel ourselves on the receiving 
side of an imperative; at the same time, you demand the 
right for everyone to set up imperatives for others. Is not 
that a contradiction? The volitional interpretation of 
imperatives seems to lead to the conclusion that every- 
body may do what he wants, that is, to anarchism". 

Let us first study the inference expressed in your last 
statement. Assume that I set up the imperative that a 
certain person behave in a certain way. You answer: "No, 
he may do what he wants”. Obviously, the phrase "may 
do" in your answer is the opposition to my imperative; 
you wish to say that although I am entitled to set up my 
own imperatives, I am not entitled to set up universal 
obligations, that is, imperatives for others. The clause 
"Mr. X is not entitled” is not a cognitive sentence; it is 
an imperative, meaning ”Mr, X should not do this or 
that”. So you have answered me by an imperative; you 
command that I should not set up imperatives for others. 
What IS the title on which you base your imperative? You 
set your will against my will; and I do not see why I 
should recognize your will and renounce setting up di- 
rectives for others. 

The problem represented by your inference is impor- 
tant enough to be given a closer examination. Let us first 
consider the clause "everybody has a right". It can mean, 
first, that the legal authorities do not restrict the activ- 
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tional decision, rrom this cognitive statement yon can- 
not derive any imperative. You can dcri%c imperatives 
from other imperatives, or from imperatives in combi- 
nation tvitli cognitive sentences, but never from cogni- 
tive sentences alone. So )our inference is in\alicl. 

You see that the volitional interpretation of moral 
directives does not lead to the consequence that tlic 
speaker should allow everybody die right to follow his 
own decision; that is. it docs not lead to anarchism. If I 
set up certain volitional aims and demand that they be 
followed by all persons, you can counter my argument 
only by setting up another imperative, for instance, the 
anarchist imperative “everybody lias the rigJit to do uOiat 
he wants”. You cannot prove, liouevcr, that my s)stcm 
of a volitional etlucs is inconsistent, that logic compels 
me to allow everybody the right to do what he wants. 
Logic does not compel me to do anything. The directives 
I set up are not consequences of my conception of etliics, 
either, nor docs logic tell me what imperatives I should 
regard as obligaioi 7 for all persons. I set up my impera- 
tives as my volitions, and the distinction betiveen per- 
sonal and moral directives is also a matter of my volition. 
Directives of the latter kind, you remember, are those 
which I regard as necessary for the group and which I 
demand everybody to comply with. 

Now you are in complete despair. You retort; “Maybe 
what you say is true, logically speaking; but do you really 
think — you, the author of a bo^ on scientific philosophy 
— that you are the man to give moral directives to the 
whole world? Why should we follow you”? 

1 am sorry, friend. I did not intend to convey this im- 
pression I was looking for the path of truth, but for this 
very reason I am not going to give you moral directives, 
which by their nature cannot be true I have my moral 
directives, that is true. But I shall not imte them down 
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I demand that you act in a certain way, but I do not de- 
mand that you renounce your demand to the contrary. 
That is good democracy; and in fact, it corresponds to 
the actual procedure in which differences of volition are 
fought out in a democracy. 

1 do not derive my principle from pure reason. I do 
not present it as the result of a philosophy. I merely 
formulate a principle which is at the basis of all political 
life in democratic countries, knowing that in adhering 
to it I reveal myself as a product of my time. But I have 
found that this principle offers me the opportunity to 
propagate and, in large measure, to follow my volitions; 
therefore I make it my moral imperative. I do not claim 
that it applies to all forms of society; if I, the product of 
a democratic society, were placed in a different society 
I might be willing to modify my principle. But let us 
examine this principle which for our society appears to 
be the most suitable one. 

The principle is not an ethical doctrine, answering all 
questions of what we should do. It is merely an invita- 
tion to take active part in the struggle of opinions. Voli- 
tional differences cannot be settled by the appeal to a 
system of ethics constructed by some learned man; they 
can be overcome only through the clash of opinions, 
through the friction between the individual and his en- 
vironment, through controversy and the compulsion of 
the situation. Moral valuations are formed in the pursuit 
of activities; we act, we reflect about what we have done, 
we talk to others about it, and act again, this time in what 
we regard as a better way. Our actions are trials to find 
out tvhat we want; we learn through error, and often tve 
know only after our action is done whether we wanted to 
do it. Volitional aims usually do not come to us with the 
clarity of a vision, but more often constitute the subcon- 
scious or semiconscious badcground of our attitudes; 
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to all citizens. It then is a matter of sociological analysis 
■whether this aim is better readied through private enter- 
prise or through state ownership of the means of pro- 
duction. The dinicultics in Uiis case result from the im- 
perfect state of the science of sociology, wliich cannot give 
us unambiguous answers, comparable to the ansivers 
given by physics. Among the adherents of a democracy, 
most political issues are reducible to cognitive contro- 
versies. It is our hope, tlicrefore, that such issues will be 
settled through public discussion and peaceful experi- 
ments rather than by resort to ivar. 

Most volitional decisions we are confronted with are 
entailed decisions, that is, decisions entailed by more 
fundamental aims which we set for ourselves. It is for 
this reason that cognitive clarification is of so great an 
import for moral questions. Apart from political ques- 
tions, ive may mention questions of education, health, 
sex life, die civil law, the criminal code, and the punish- 
ment of criminals. Thus the question whetlier a sen- 
tenced criminal should be put into a penitentiary is not a 
moral, but a psychological question for all those who are 
agreed that the jurisdiction of the state should attempt 
to produce as many socially adjusted citizens as possible. 
That persons released from penitentiaries are usually 
conditioned to the contrary of this aim is borne out by 
too many experiences. 

It is a psychological fact, however, that even ivhen a 
cognitive clarification is reached it is difficult to change 
volitional attitudes. We may know that since we want 
a certain fundamental aim we must also accept a certain 
other decision, and yet we hesitate to do so. Thus we 
may be convinced that a criminal should not be pun- 
ished, but should be put into an environment that offers 
him possibilities of a readjustment. Nevertheless, it may 
be difficult for us to overcome the call for punishment, 
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tal or entailed decisions. Even fundamental volitions arc 
accessible to group influence, and will change under the 
suggestive power of an environment that exemplifies 
other volitions and their consequences. 

Such adjustment to the necessities of the group is often 
made difficult by adherence to an absolute ethics. If a 
person has been indoctrinated in the theory that moral 
rules constitute absolute truths, he will be greatly inhib* 
ited from abandoning such rules and may remain un- 
amenable to the conditioning by the group. Conversely, 
if a person knotvs that moral rules are of a volitional na- 
ture, he will be ready to change his goals to some extent 
it he sees that othenvise he cannot get along with otlier 
persons. Adaptation of goals to those of other persons is 
the essence of social education. Naive egoism encounters 
resistance if it is set against the egoism of otliers, and the 
egoist will soon discover that he fares belter when he 
cooperates with the group. The give and take of social 
cooperation offers much deeper satisfaction than does 
obstinate relusa) to abandon one’s goals. Thus the pet' 
son educated in an empiricist approach to ethics is better 
prepared than the absolutist to become an adjusted mem- 
ber of society. 

This is not meant to imply that the empiricist is a man 
of easy compromise. Much as he is willing to learn from 
the group, he is also prepared to steer the group in the 
direction of his own volitions. He knows that social prog- 
ress is often due to the persistence of individuals who 
were stronger than the group; and he will try, and try 
again, to modify the group as much as he can. The inter- 
play of group and individual has effects both on the indi- 
vidual and on the group. 

Thus the ethical orientation of human society is a 
product of mutual adjustment. The recognition of rela- 
tions between various goals plays only a limited part in 
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though there are strong tendencies to the contrary. To 
believe that the physical universe is progressive in the 
human sense, is absurd. The universe follows the laws of 
physics, not moral commands. We have been able to a 
certain extent to employ the laws of physics to our own 
advantage. That some day we shall control larger parts 
of the universe is not impossible, though none too prob- 
able. It is more likely that finally the human race will die 
with the planet on ^vhich its life began. 

Whenever there comes a philosopher who tells you 
that he has found the ultimate truth, do not trust him. If 
he tells )ou that he knows the ultimate good, or has a 
proof that the good must become reality, do not trust 
him, either. The man merely repeats the errors which his 
predecessors have committed for two thousand years. It 
is time to put an end to this brand of philosophy. Ask the 
philosopher to be as modest as the scientist; then he may 
become as successful as the man of science. But do not 
ask him what you should do. Open your ears to your own 
will, and try to unite your will with that of others. There 
is no more purpose or meaning in the world than you 
put into it. 
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garded as accessible to knowledge: these la\vs -^vere to be 
derived by the power o£ reason. Reason, the lawgiver of 
the universe, revealed to the human mind the intrinsic 
nature o£ all things — a thesis o£ this kind Avas at the basis 
o£ all forms of speculative systems. Scientific philosophy, 
in contrast, refuses to accept any knowledge o£ the phys- 
ical world as absolutely certain. Neither the individual 
occurrences, nor the laws controlling them, can be stated 
with certainty. The principles of logic and mathematics 
represent the only domain in which certainty is attain- 
able; but these principles are analytic and empty. Cer- 
tainty is inseparable from emptiness: there is no syn- 
thetic a priori. 

Speculative philosophy strove to establish moral direc- 
tives in the same way that it constructed absolute knowl- 
edge, Reason was considered the giver of the moral law 
as well as o£ the cognitive law; ethical rules were to be 
discovered by an act of vision, analogous to the vision 
revealing the ultimate rules of the cosmos. Scientific phi- 
losophy has abandoned completely the plan of advanc- 
ing moral rules. It regards moral aims as products of acts 
of volition, not of cognition; only the relations between 
aims, or between aims and means, are accessible to cogni- 
tive knowledge. The fundamental ethical rules are not 
justifiable through knowledge, but are adhered to merely 
because human beings want these rules and want other 
persons to follow the same rules. Volition is not deriv- 
able from cognition. Human will is its own progenitor 
and Its oisTi judge. 

Such IS the balance of a comparison between the old 
and the new philosophy. The modern philosopher re- 
nounces very much; but he also gains very much. "What a 
diflcrcncc between the science built on the basis of ex- 
periments and the science derived from reason aloncl 
How much more reliable, in spite of their uncertainty, 
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standable; but the scientific philosopher must forego 
the quest for moral guidance, which misled others to 
conceive morality as a form of knowledge acquired 
through an insight into a higher world. Truth comes 
from without: the observation of physical objects tells us 
what is true. But ethics comes from within: it expresses 
an “I will”, not a “there is”. Such is the reorientation of 
philosophic desires required of the scientific philoS’ 
opher. Those who are able to control their desires will 
discover that they gain much more than they lose. 

The gain, in fact, is impressive if compared with the 
results of the traditional philosophical systems. Let me 
emphasize again that I will not deny the historical merits 
of these systems. It is a long way from the first vision of a 
problem to its clear formulation, and another long way 
from there to its solution. Many of our present-day solu- 
tions can be traced back to origins in the analogies and 
the picture language of some ancient philosopher. Yet 
nothing is more dangerous to a critical understanding of 
philosophy than regarding those pictures and analogies 
as prophetic anticipations of modern discoveries. The 
first vision of a problem often springs from naive aston- 
ishment rather than from insight into its far-reaching 
implications. The labor and ingenuity invested in the 
development that led to the modern solution can be as 
great, can even be much greater than the contribution 
of those who started this development. Due respect to the 
ancients should not make us blind to the achievements of 
our own time. It takes independence of judgment and 
acuity of critique to discover the few genuine problems 
among the collections of vague concepts and dogmatic 
verbiage bequeathed to us by traditional philosophy. 
Only a thorough understanding of modem scientific 
method can equip a philosopher with the tools necessary 
to solve those problems. 
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This is a collection o£ philosophic results which have 
been established by means of a philosophic method as 
precise and dependable as the method of science. The 
modern empiricist may quote these results when he is in- 
vited to supply evidence that scientific philosophy is su- 
perior to philosophic speculation. There is a body of 
philosophical knowledge. Philosophy is no longer the 
story of men who attempted in vain to “say the unsay- 
able” in pictures or verbose constructions of pseudolog- 
ical form. Philosophy is logical analysis of all forms of 
human thought; what it has to say can be stated in com- 
prehensible terms, and there is nothing “unsayable” to 
which it has to capitulate. Philosophy is scientific in its 
method; it gathers results accessible to demonstration and 
assented to by those who are sufficiently trained in logic 
and science. If it still includes unsolved problems subject 
to controversy, there is good hope that they will be solved 
by the same methods as those which, for other problems, 
have led to solutions commonly accepted today. 

Drawing the balance between old and new philosophy, 
one is astonished at the fact that there is still so much op- 
position to the new philosophic method and its results. I 
should like to discuss the possible psychological causes 
of this opposition. 

The first is that there is much technical work to do in 
order to understand the new philosophy. The philos- 
opher of the old school is usually a man trained in litera- 
ture and history, who has never learned the precision 
methods of the mathematical sciences or experienced 
the happiness of demonstrating a law of nature by a 
verification of all its consequences. Our high-school in- 
struction does not lead further than into the lobby of 
mathematics and the sciences, and who can judge about 
the theory of knowledge if he has never seen knowledge 
in its most successful form? 

308 



„ .xir. THF NEW PHILOSOPHY 

l8 THE OLD AND THE new 

deny the possibility of a 

the; believe that the -^^^S^eansTo deal with 

speculative philosopher offe ■ i training is no 

philosophical problems. at e problems and 

^arantee for an ““ders^"^"® ^ofrLdve. And even 
methods of the modem theo^ nlotions mi^ht still be 
if the problems are seen, ® ® aae-old tradition has 
sought along those paths whi o j^gjsities. in 

«d ,hich ,S, !.» — "y 

the formative years of his sciena 

not learned to criticize. tj,e old and the new 

The line of demarcauon from speculauve 

philosophy does not set o ma responsible for 

philosoph;. It severs words for the 

every word he says feom unanalyzed conjec- 

conveyance of intuitive ^ adiust his conception of 
tures; the man who ‘ f kiowing from the man 

knowledge to attainable superempirical truth, 

who cannot renounce the knowledge as acccssibl 

the man who regards “ °”'*e\nan%vho thinks of 

to logical precision method , _ain, free from the re 
philosophy as an nj open to the satisfaction 

striction by logical contro * ^ speech and its em^ 

that flows from the use of p ; „ of these two types 
tional connotations. -rnuence of the new p 

mentality is an inescapable c 

losophy. . -^tscicn 

The second possible 
i<; the v 


me seconu py— ^ a^h’e'’sciSc?!i'«°P''"j 

tific philosophy is the view i ^j^nal side of '^e. t 'a 
has no understanding of ‘J’., of its emotional i 

logical analysis df Pnv” P'“ ^ P ^ goes into P'd'^^P 


has no understanoing , ^f jtj emoo'”--- - 

logical analysis deprive P “ |,r goes into philosop u 

porL Many a student of P*" ,.(.L,ion: he reads Plato . 
lectures in the search for and is disappom'^ 

he reads the Bible, or Sha P listen to an expo- 

by a class in philosophy ^ 



SCIENTIFIC PHILOSOPHY 

Other one. The scientist overcomes these difficulties by 
incorporating the individual cases into a class and by 
looking for laws that control the different unique condi- 
tions at least in a majority of cases. Why should the so- 
ciologist be unable to do the same thing? 

The contention of an unbridgeable gap between social 
and natural sciences looks very like an attempt to create, 
in the philosophy of the social sciences, a reservation for 
philosophers who are afraid of the logical and mathemat- 
ical technique without which a theory of kno^vledge can 
no longer be built up. Fortunately, there also exists a 
group of social scientists who look to scientific philos- 
ophy for help in their struggle for the understanding of 
the method of their science, and who recognize that a 
good deal of house-cleaning is necessary before a philos- 
ophy of the social sciences can be constructed. I should 
like to express the hope that scientific philosophy of the 
future will attract men from all fields of knowledge, who 
have turned from researches in their special fields to 
philosophic inquiry. 

The help of unprejudiced collaborators from the 
nonmathematical sciences is welcome for further reasons. 
Although mathematical and logical research has greatly 
contributed to building up the new philosophy, such 
work is in itself not necessarily associated with a critical 
philosophical attitude. There are mathematicians, and 
even mathematical logicians, who have never felt the 
need of extending the precision of their methods to the 
logical analysis of empirical knowledge, or who believe 
that any such extension has to be supplemented by an 
appeal to a superempirical insight, that is, an insight into 
a nonanalytic absolute truth. They regard philosophy as 
a sort of guesswork which can never lead to serious re- 
sults; or they consider the convictions of common sense 
to be unavoidable presuppositions of philosophy and 
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sition of symbolic logic or the theory o£ relativity. All I 
can say with regard to such an attitude is that those who 
wish edification should go to lectures on the Bible, or on 
Shakespeare, and should not expect to find it in a place 
where it does not belong. The scientific philosopher does 
not want to belittle the value of emotions, nor would he 
like to live without them. His life may be as rich in pas- 
sion and sentiment as that of any literary man — but he 
refuses to muddle emotion and cognition, and likes to 
breathe the pure air of logical insight and penetration. If 
I may be permitted a more earthly comparison: the taste 
of logical analysis resembles that of oysters, in so far as 
one has to learn to like it. But as the man who eats oysters 
will gladly accept a glass of wine, the student of logic 
need not renounce the wine of emotional experiences 
offered by less logical pursuits. 

It is a myth that a mathematical and logical mind can- 
not appreciate the value of art. A famous mathematician 
has edited the writings of a lyrical poet; many a famous 
physicist plays the violin in his hours of leisure; and a 
famous biologist was a painter, his artistic talent being 
visible in the drawings of his microscopic observations. 
Art and science do not exclude each other; but they 
should not be identified, “Truth is beauty and beauty is 
truth” — that is a beautiful statement, but not a true one, 
and thus disproves its own thesis. 

My argumentation will perhaps be judged as not to 
the point. The personal attitude of the scientific philos- 
opher, so it might be objected, is not under discussion, 
and no one will deny that the scientific philosopher may 
have good taste and be open to sentiment. What is held 
against him is that he assigns no place to art and emotion 
in his philosophical system. The speculative philos- 
ophers allotted to art a dignified position by putting art 
on a par with science and morality; truth, beauty, and 
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impulse which drives us to read a book or to see a friend 
or to attend a concert. But in the decisions made we ex- 
press our preferences and thus indicate through our be- 
havior the valuational order which constitutes the back- 
ground of our actions. 

The explicit elaboration of this valuational order is 
studied by the psychologist. He knows that this order is 
not always the same, that preferences vary with momen- 
tary conditions, with environment, and with age. He can 
try to construct a sort of average order, to be inferred 
from statistics of goal-behavior. He can proceed to clas- 
sify goal-behavior into different kinds. There is the 
physiological urge for food, sex, rest. There is the urge 
toward social recognition and social influence, or even 
social power. There is the creative impulse driving a 
man to write a book or to make his own fence for his 
garden. There is the desire to play, or to see others play a 
football game. There is the urge to emotive expression 
found in listening to a string quartet or gazing into the 
flaming colors of the setting sun. There is the urge to 
know, satisfied through studying scientific books or mak- 
ing scientific experiments. Any classification of this kind 
will be imperfect, and the attempts at constructing a neat 
logical order will be baffled by the overlapping of various 
goals in every action. 

One common feature, however, can be stated for all 
goal activities. The decision for a goal is not an action 
comparable to the recognition of truth. There will be 
cognitive implications involved; for instance, the goal of 
making one’s living may require the endurance of voca- 
tional drudgery. But the choice of the goal is not a logical 
act. It is the spontaneous affirmation of desires, or voli- 
tions, which come upon us with the compulsion of ines- 
capable urges, or the animation of prospective satisfac- 
tion, or the smooth naturalness of unquestioned habits. 
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decisions by -which we are confronted do not concern 
primary aims, but secondary aims; and all they require is 
an analysis of the contribution which the decision under 
consideration will make to the realization of some funda- 
mental aim. Political decisions are virtually all of this 
type. For instance, whetlier the government should con- 
trol prices is a question to be answered by economic 
analysis; the ethical aim of producing as many goods as 
necessary for as low a price as possible is not under discus- 
sion. But in classifying moral implications as cognitive 
the scientific philosopher eliminates the discussion of 
such relations from the domain of philosophy and allots 
to them a place within the social sciences. The logical 
analysis of ethics shows that just as in physics, many ques- 
tions which had been regarded as philosophical are to be 
answered by an empirical science. The history of philos- 
ophy demonstrates over and over again that questions 
asked of the philosopher were passed on to the scientist. 
The answer can thus only become more profound and 
more reliable. Those who ask the philosopher for guid- 
ance m life should be grateful when he sends them to the 
psychologist, or the social scientist; the knowledge accu- 
mulated in these empirical sciences promises much better 
answers than are collected in the writings of the philos- 
ophers. The ethical systems of speculative philosophy are 
often built on the psychological conditions and the social 
structure of times past, and, like the theoretical systems, 
present as philosophical results what is no more than the 
product of a temporary stage of knowledge. The scien- 
tific philosopher keeps clear of such errors in reducing 
his contribution to ethics to a clarification of its logical 
structure. 

Although the scientific philosopher refuses to give 
ethical advice, he is willing, in following his program, to 
discuss the nature of ethical advice and thus to extend his 
316 



l8 THE OLD AND THE NEW PHILOSOPHY 

Should want, i£ the word “should” is ““'If ” “ 

plicational sense-and the „nnot 

not establish an objective morality because it canno 

validate primary goals. offers for die 

The solution which scientific Ph'’° P J solution 

problem of ethics resembte in joimion was 

Lnd for die problem of f ““/‘^^-Ji^rathemati- 
explained in Chapter 8. wher niatheroatical 

dam regarded the whole of 

necessity, the mathematicians o . J. axioms and 

sary chlracter to the implicaoons 

theorems and exclude the axioms *emselves^^^ 

domain of mathematical ediical axioms, 

tihc philosopher (ions, and he regards only 

or premises, and ethical iinplia 

the implications as J The axioms of geom- 

however, a fundamental differ regarded 

etry can be made true oordinative definidons 

as physical statements, based© possess cm- 

and proved through in contrast, cannot 

pirical truth. The axioms of e ’ j 5 no interpr^ 
he made cognitive statements a . ■yiiey are voh- 

tation in which they can be ^ j. nhijosoplier denies 
tional decisions. fVlien the . refers to diis fact, 

the possibility of a scientific et | ■ j,n important 

He will never deny that f =^fd“isions. And lie do« 
part in all applications of . axioms are invariable 

not wish to say that die s<^ conditions. Even 

premises, holding for all _„c ,vitli the social cn- 

general ethical premises may axioms this term 

vironment, and when they are • j(.red they arc not 

me.rns only that tor the contex 

questioned. ,nd a volitional com- 

Ethics includes both a . ' can never eliminate 

ponent, and cognitive irophea i 
3*9 



SCIENTIFIC PHILOSOPHY 

Only in the first form is the subjective component of 
the advice openly visible; but in the second and third 
form, a subjective component is usually present also. The 
adviser will be ready to inform a person about means to 
reach his aims only if he approves of these aims, at least to 
a certain extent. For instance, the advocate of a demo- 
cratic ethics would not be willing to advise a totalitarian 
government about means to achieve its aims, unless he 
“sells his soul"’ — a kind of job which most people would 
regard as immoral. Conscientious advice is therefore 
never purely objective; the adviser is bound to be an ac- 
tive participant in the formation of goals, an agent of 
morality, and he assumes an operative function in addi- 
tion to the cognitive part of his work. 

It is sometimes argued that the advice is objective be- 
cause the client, once he has accepted the advice and real- 
ized it in his personal life, often admits that he knows 
now what he wants and feels happier than before. Such a 
result is no proof of objectivity, however. Human per- 
sonalities are malleable, and if the person had been under 
the influence of advisers who guided him to very differ- 
ent goals, he might just as well have endorsed their ad- 
vice by feeling happy and illuminated. The followers of 
a totalitarian society are often as happy and self-reliant 
as those of a democratic society, and yet it is highly prob- 
able that any of them would have accepted the opposite 
goals had he been brought up in a corresponding en- 
vironment. Ethical advice cannot be justified by its psy- 
chological success. The adviser should know that he in- 
duces the person to do something he, the adviser, regards 
as right, that the responsibility is with the adviser, and 
that there is no escape from the commitment to one’s 
own volitions into an objective morality, to be revealed 
through psychological studies of human behavior. Psy- 
chology can tell us what men want, but not what men 
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volitional decisions completely, though they can reduce 
the number of such decisions to a small number of basic 
decisions. The logical relationship between decisions 
and implications may be made clear by the following 
analysis. Suppose a man wants both the goals A and B. 
The social scientist proves to him that A implies not-B. 
Is he now committed to abandon B? Certainly not. He 
might as well abandon A and decide for B. He will do so 
if B appears to him the preferable goal. An ethical impli- 
cation does not tell a man what he should do; it merely 
confronts him with a choice. The choice is a matter of 
his volition; and no cognitive implication can relieve 
him from this personal choice. 

For instance, a man wants peace among nations; but 
he also wants freedom from dictatorship. He finds out 
that under certain conditions a dictatorship can be over- 
thrown only by the force of arms. Does it follow that, x£ 
these conditions obtain, he should advocate war against 
the dictator? This conclusion would be erroneous. What 
follows is that he cannot have both peace and freedom. 
Which of these goals he should prefer is up to him. The 
cognitive implication “freedom implies ivar" merely 
compels him to make his choice, but does not tell him 
what to choose. 

This analysis will also make it obvious that there are 
no absolute goals, that is, goals that are pursued under 
all circumstances. Every goal can be judged in terms of 
its consequences. If a goal requires the use of a means 
which we regard as detrimental to certain other goals, 
and if these other goals rank higher with us than the first, 
we shall abandon the first goal. The end justifies the 
mcans^ — ^yes, but conversely, the means can call for th6 
rejection of the end. The end-means implication does 
not supply a proof that the means must be adopted; it 
merely proves an either-or; it proves that we either have 
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are openly denounced as unscientific. The pragmatist 
speaks o£ human needs; but that men have needs does not 
prove that needs are good. If needs, or goals, are infer- 
able from man’s behavior, it can be very helpful to state 
such goals explicitly; but he who gives advice intended 
to clarify and satisfy needs indicates tlirough his behavior 
that he regards such needs not only as existent, but as 
good. If it is clearly seen that the word "good” used here 
means that the adviser endorses the goals he has uncov- 
ered, the pragmatist is welcome in tlie function of eth- 
ical adviser. 

Admitting this interpretation openly, an adviser may 
insist, for instance, that a physician adhere to profes- 
sional secrecy, since the physician’s goal of curing pa- 
tients would l3e impaired if the patients could not be sure 
that their personal histories would remain confidential. 
Or he may argue that scientific research, though purely 
cognitive in its method, constitutes a pursuit of goals 
which carry social implications with them. The search 
for truth promises success only in a milieu of freedom 
and honesty, and the scientist who is not willing to stand 
up for these ethical postulates counteracts the interests 
of his own work. This argument does not mean that sci- 
entific theorems imply moral imperatives, but that the 
ethical goals indicated by the activity of the scientist 
imply such imperatives. 

Constructing a social ethics of this kind is a significant 
contribution to the functioning of the social organism. 
It uses the science of sociology for the elaboration of rules 
of conduct appropriate to a man’s place in human so- 
ciety. I would not object to calling such an ethical sys- 
tem a scientific ethics if there is agreement that it is not a 
science. It is scientific in the same sense that medicine 
and machine industry are scientific; it is a form of social 
engineering, that is, it is an activity by means of which 
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double exactly the volume of the golden altar, giving it 
again the shape of a cube. The priests asked the mathe- 
maticians how to figure out the length of the edge of a 
cube whose volume is twice that of a given cube; but the 
mathematicians were unable to find a strict solution to 
the problem. 1 have always thought the god might have 
been satisfied with a cube of approximately the double 
volume; a Greek goldsmith would certainly have been 
able to attain a high degree of approximation. But the 
Greek mathematicians would not have accepted such a 
makeshift solution; they wanted the truth, and nothing 
but the truth. It took two thousand years to find the true 
answer; and the answer is negative — it is impossible to 
exactly double the volume of a cube by geometrical meth- 
ods in the usual sense. Should the Greek mathematicians 
have refused to accept this answer because it is negative? 
He who wants the truth must not be disappointed when 
the truth is negative. It is better to know a negative truth 
than to demand the unattainable. 

It is impossible to have a knowledge of the world that 
has the certainty of mathematical truth; it is impossible 
to establish moral directives that have the impelling ob- 
jectivity of mathematical, or even of empirical, truth. 
This is one of the truths that scientific philosophy has un- 
covered. The solution of the problem of absolute cer- 
tainty, as well as that of the problem of constructing an 
ethics by analogy with knowledge, is negative; this is the 
modem answer to an age-old quest. If someone ai^es 
that he is disappointed with scientific philosophy because 
it does not provide certainty, or does not supply moral 
directives, tell him the story of the Delian cube. 
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empirical truth. Like the scientist, the scientific philos* 
opher can do notlnng but look for his best posits. But 
that is what he can do; and he is willing to do it with the 
perseverance, the self criticism, and the readiness for 
new attempts, which arc indispensable for scientific 
work. If error is corrected whenever it is recognized as 
such, the path of error is the path of truth. 
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linguistics, 221 
living organism, 191 
Lobachevskt, N 1 , 128 
Locke, John, 78, 84, 107 
logarithms, 95 
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reminiscence Plato s theory of, 23 
Republic, Plato 8 dialogue, 31 
Ricardo D , 72 
Riemann B 128 
Russell Bertrand 218, 221. 246 
Russell H N , 205 
Rutherford. £ , 171 


Schelhng F W , lai 
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thesis. 68 

things of appearance 64 
things m themselves 64 
Ttmaeus, Plato s dialogue, 24 
time 144 causal theory of 148, 
154, direction of, 149 212, metric 
of 145, order of, 147, 212, side- 
real 145, solar, 145, uniformity 
of. 145 

token reflexive expressions, 289 
Toricelh E 99 
Transcendental Dialectic, 65 
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